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ABSTRACT

Peop]g 11{1ng around airports are severely 1ﬁpacted by
aircraft noise they experience daily, which may damage
their he;ring, may produce interference with £he activi-
ties of their daiiy 1ives;'and may degrade the quality
.of their life-style.

Noise can be reduced at sources by improved engine
technology and by more cons1derate modes of aircraft
operation. - Another way of solving the aircraft noise ~
problem is by the use of planning control and here the
measurement of noise exposure hfs.an important role to
_play. . '

The objective of this study_is to test whether any of
the noise metrics (the Noise Exposure Fogecast (NEF),
the Equivalent Sound Level (Leq) and the Day-Night
Average Sound Leve] (Ld ))15 s1gnif1cant1y better as a
predictor of the effects of aircraft noise than athers.
fhe study used the FAA Integéateg Noise Model (INM) to
calculate aircraft noise measures. The respgﬁse data
were deriyed from the social survey con;Lcted for a
research of which this thesis is one part. A

The study is a necessary step towards standardizing noise
measurements. In addition, the study is an aid for airport.

authorities to assist governments for accurate land use

pianning. ///j

L

(iii)



32. "They said: Glory to Thee:
of knowledge we have none,
séve what Thou Hast taught
us: in truth it is Thou

_‘ ‘Hho art perfect’in knowledge

and wisdom”

Sura AL Bagara, THE HOLY QUR'AN

(i.V)
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"CHAPTER 1

OBJECTIVE AND SCOPE. \%7—&__,,//’

/The purpose of this study is to examine if Leq and Ldn

meésuring‘approches are as good as the Noise Exposure Forecast
(NEF) for aircraftynoise measurement. The NEF wa§ developed. as
an extension and updating of the Composite Noise Rating (CNR} =
for aircraft neise. The CNR iE based on maximum Perceived Noise
Level (PNL). The PNL measuring procedure was developed by
Rosenblith and Stevens in 1952 (Ref. 1). 1In response to critics
of PNL, Kryter introduced the Effective Perceived Noise Level

as a modification of the PNL. The NEF is based on the EPNL

«Fig. 1) and was developed for the'Uz$. Federal Aviation

Administration (FAA) in 1967.

Figure 1.1: The Derivation of NEF. (///
(i) PNL || OPERATIONAL CORRECTIONS CNR
’ max.

DURATION FACTOR

(i) PNL | ' EPNL

| PURE TONE FACTOR |—
. —[NUMBER OF FLIGHTS [y~ . _

(§41) {NEF ]
L™ TIME OF DAY |

Noise measurements for most other noise sources are

based on A-Weighted Le The existence of the two different

q.
schemes, is confusing and hinders understanding of noise.
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1.1 Background

‘PeopTe living around airports are severely impacted
by the noise they experience daily, which may damage their
hearinq, may produce interference with fhe activities in
their daily livés, and may degrade the quality of their
life-style.

Noise can be reduced at source by improved engine
technology and by more éonsiderate modes of aircraftA
operation. This is one way of.trying to reduce the problem
of aircraft noise. Another approach is by the use of
planning controls and heré the measurement of noise
exposure has an'important role to play, because it can

assist the airport authority to:

(i) Use preferential or priority runways (this would
maximize use of the runways that produce.the lTeast
amount of noise over residential areas).

(ii) Develop a rotational runway use system. This would

. depend on such considerations as time of day, weather,
and winds. -

(iii)Use preferential flight tracks for landings ;nd
takeoffs to avoid Koise Sensiti;e areas.

(iv) Limit the operations at the airport during a particular
time period or even prohibit operations at certain

hours. .

,



1.2 Scope of the Study

o

S The study deals with the following noise metrics:
) 1. 'Noise Exposure Forecasf (NEF)
: 2. Equivalent Sound Level (Leq)
3. Day-Night AQerage Sound Level (Lgp)
Multiple regression and analysis of variance are used
to determine the effect of each of the noise levels on
selected aggregate responses to aircraft ﬁoise for each
of the above noise metrics. The objective is to test
whether any of the metrics is significantly better as a
predictor of the effe of aircraft noise than the others.
Four categories of &ggregate respbnsés were selected:
1. Perce9 highly annoyed .
2. Percent speech inféfference
3. Percent complaints
- 4. Percent sleep.interruption
Fifty-six sités around Tbronto InternationaI'Airport were
chosen to obtain both interview and bhysica1 data. Home
interviews were obtained from 673 households. The use of the
FAA Integrated Noise Model provided the estimates of aircraft
noise expésure in tgrms of NEF, Leq. Ldn» and CNEL for each
of the 56 sites.
From the standpoint of community noise.standards and
regulations, the relationships between noise exposure
measurements (NEF, Leq{24), and Ldn) and percenti]e levels of

annoyance is important since NEF is the only noise metric used



<
in Canada for aircraft noise by various federal agencies

(such as Transport Canada, and Central Mortgage and Housing

_ Corporation).

The study is a necessary step toward standardizing
‘noise measurements. In addition the study is an aid for

airport authorities to assist local governments:

(i) to plan and cqntroi compatible land use
activities near the;airport through zoning
standards.

(ii) inuasséssing noise impacts when necess;}y for
_environmental impact statements.

(iii) in identification of future noise easement

or airport land acquisitions.



. CHAPTER 2
NOISE MEASUREMENTS

- The appraisal and measurement o{ af;craft noise differs
from o£her noises, because of: its high level, its
contrast to the background no}se of the surrounding'
environment and its duration (up to one minute for both

takeoffs and landings).

Previously, measurements of single noise events, by PNL

or EPNL, formed the basis for the Composife Nb*se~Rating
(CNR) and the Noise Exposure Forecést (NEF) for appraisaT
and meésurements of aircraft noise. Both are discussed

in détai1 further in this chaptéﬁ. Most current noise
measurements are‘dérived from the "energy méan" equivalent
of noise levels measured over & specific period, that is
Leq'metrics. The Day-Night Average Sound Level (Ldn)-is
derived from Leq and both are discussed in detail in tpis
chapter; which explains the fundamentq]s of noise measure-
ments and several ﬁoise metrics. This survey of Qast and
pre;ent practices helps to decument the need for the

. comparison which is the focus of this thesis.



2.1 Fundamentals of Noise Measurement

Noisé is defined as unwanted sound. Sound {s known

" as acoust1c energy and must be character1zed by its
frequency (Hz), pressure, intensity, and t1me pattern.

The lowest and the highest frequencies aud1b1e to the
average adult are about 20 Hz and 10, 000 Hz respect1ve1y,
(Ref. 2). Sound Pressure Level (SPL) is a s1mp]e physical

measure of sound intensity.

'2.1.1  The Decibel (dB)

Sound is measured in decibels. A decibel (dB) is
one tenth of a bel and it is 20 times the ]ogar1thm to
the base 10 of the ratio of the measured root-mean- square

(RMS) va]ue of the sound pressure to a reference sound

'preséure (Ref. 3): ¢

dB = 20 Logqy p P 2.1

ref

" where P is the sound pressure in unit per area and P ¢
isc the reference pressure level usually the quietest

audible sound considered to be 20 IuN/m?.
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20)1.N/m2 = 0.0002 microbar = 0.0002 dy é/cm2 2.2..
The Jowest sound level that a young adult with good
~hearing can hear represents zero on the decibel scale.
Decibels are not linear units, but are logarithmic. Thus

100 dB is equal to 10 billion times as much acoustic

energy as one dB.

2.1.2 MWeighting Network and Frequency

o

-

Response 8? the human ear varies with both frequency
and intensity, which causes difficulties %n obtaining
“direct instrument measurements of perceiﬁed,ﬁoi§e. The
weighting networks modify the frequency response to be
similar to the human hearing mechanism. Among the
weighting curves (Fig. 2.1) the A-weightfng is the one
most often used 1ntefnationa1]y because of its good
correlation with ﬁeop]e's subjective judgement of
annoygnce of various types of noise. It is clearly superior
to_unwéighted SPL in predicting peop1e's'responses to noise.
A-wefghted SPL (dBA) is used as:a'sing]e number rating for
aircraft noise, traffic noise levels and industrial noise.
The D-weiéhfing network has been.developed from noise
studies around airpdrts (Fig. 2.2). It has been proposed hut

not yet‘adopted by any international standards group.
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A sound level meter which confains-an electrical
network for A-weighting'provfdes the dBA value. Another
way of obtaining dBA is by applying A-weighted values to
octave or~one-third‘octave frequency band measures and

summing the bands on the basis of their squared pressures.*

2.1.3. Loddness

Towards understanding the problem of noise, engineers
and scientists have meaéured'from'the threshb]d of hearing,
to the threshold of pain, and have produced a set of equal
Toudness- contours (Fig. 2.3), to ;orreiate with people's
~Judgement of the Toudness of sound. These contours have

been internatjonally standardized.

“The numbers on curves aré phones, that is, the sound-
pressure levels of equally loud 1000-Hz tones, and the
levels are plotted according tosthe centérs of bands. To
use the contours to obtain the equally loud levels at other
frequencies, we find the point on the curve corresponding to
" the desired frequencies and read off the corresponding sound-
pressure level as the ordinate", (Ref. 4) '

For example; on the 50-dB contour line a 60-dB level

at 100 Hz is just as loud as 50-dB at 1000 Hz tone. This means

',*.A.c1ear1y set-out example of this kind of
calculation is found in Reference 8.
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-

that a 60-dB 100-Hz tone is equal in loudness to 50-dB
1000-Hz tone. Therefore, a 100-Hz tone at a sound-

pressure 1e§e1 of 60-dB has a loudness level of 50 phones.
The equal loudness contours can be used to estimate the
loudness level of a simple tone; 1in addition. Stevens
has developed a technique for calculating 1oudﬁéss for

steady, wide-band noises. (Ref. 4).
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Fig. 2.3: EQUAL LOUDNESS CONTOURS

SOURCE: "HANDBOOK OF NOISE MEASUREMENT"
A.P. Peterson
E.E. Gross, dJr.
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Fig. 2.4: CONTOURS OF PERCEIVED NOISINESS

SOURCE: "“"THE EFFECT OF NOISE ON MAN"
- K.D. Kryter.’

2.1.4 Perceived Noise Lével  (PNL)

Kryter developed the PNL in.the early 1950s introducing
the first method to measufe the annoyance frsm aircra;&anoise-
(Ref. 5). Contours of perceived noisiqess shown {n Fig..2.4
resulted from.ﬁryter!s and his co-workers investigation and they

form the basjs for calculation of the PNL.
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The calculation procedure for the PNL is as follows:
1. Convert the octave band data to ngys using
Figure 2.3, '

2. Cé]cu]ate the effective noy value Nt as follows:

Ny = 0.3 = N; + 0.7 N (0ctave band data) 2.3.

or i

Nt = 0.1522:Ni + 0.85 Nmax (1/3 octave band data) 2.4 ¢
. 3 :

where

No = npy_va]de'for'the‘ith octave band

Nmax f maximum noy value, B : |

. 3. Convert the Nt value to PNL in dB using Figure 2.3.

2.1.5 The Effective Perceived Noise LeveT.ZEPNL)

The:EPNLfis a single number measure of the comb1éx
vnoise pattern from ad.aircraft flyover which approximates
laboratory annoyaneeﬁresponses' Tt is der1ved from PNL
but it d1ffers from PNL 1n tak1ng into account both the : ;
durat1on of an-aircraft’ f]yover and the presence of aud1b1e
pure tones or d1&crete frequenc1es (such as the whine of

a jet a1rcraft)_1n the noise signgls.
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The following shows the calculabion of EPNL expressed

V.

in EPNdB: -
EPNL = PNL .+ 10 Log ( )+ : . EPNdB 2.5
in which : |
PNLm;x “is the maximum perceived noise level during

a fIQOVer‘of a single aircraft. L

At , is the t1me 1nterva1 in seconds dur}ng wh1ch

‘the n01se 1eve1 15 w1th1n 10 PNdB of the

N
. L)

maximum PNL. F1gure 2.5 shows graphically how

"

AS t is obta1ned

F is the correct1on for the presence of d1screte(

frequency components (usua1]y about 3dB)

= PNLmax, . -4

PNL (PNdB)

I
1
|
I
!
e—— At fﬂr' ‘
.. Figure-2.5; THE MEASURED 10 dB DOWNTIME At.
Source: "Environmental.Noise_Po]lutﬁpn"

Cunniff, P.F.

5

[PRNPUSTIVII. SF EUCIID
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2.1.6 The Composite Noise Rating (CNR)

The CNR is a measure for aircridft noise which uses the
maximum value of the PNL.with appropriate corrections for
. - S ——
frequency of operations and time of day. Early in the, 1950s
the CNR was introduced in the U.S.A to determine the r¢1ativ:\\v.
impact of aircraft noise near an airport. It is -employed as

a guide to land use planning in areas adjacent to.-airports.
. . &

The CNR for a single class of operation j is:

. = . .+ ) - 12 ..‘
CNRJ PNLJ f 10 L?g (NDJ 20 NNJ) 12 2.6
where
"Dj and NNj are the number of occurrences during
day and night respectively.

The total exposure at the site results from the operation ~
of various typés of aircraft'on different paths, given
by the energy sum of the CNR,.

J .
CNR'= 10 Log 2%: antilog (CNRj/10).‘ . 2.7
The early studies developed a correspondence between

community reaction and CNR shown in the table below.

. (Ref. 6): o
CNR ~ OBSERVED ACTION
—
£ 105 NO COMPLAINTS
105 - 110 FEW COMPLAINTS
110 - 115 MANY COMPLAINTS, POSSIBLE ACTION
- = 115 REPEATED COMPLAINTS, ACTION

-~

TABLE 2.1: COMMUNITY REACTION AND CNR-
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“2.1.7 The Noise Exposure Forecast (NEF)

Noisé Expogqre'FbreCast (NEF) is the tota]'summation
{on an enéfgy basis)xover a 24—Hour.period Cweighted for
the time of da&) of Effective Perceived Noise Leyef (EPNL)
minus the constant 88 dB. The introduction of the NEF
came as an ub—détfng-of the CNR, to determine the relative
noise impact of aircraft noiée‘in the vicinity of an
ajrport. It i5 employed as a guide to.1and use planning
fdr areas near airports and to estimate the effect of

various aircraft types and operations on the community.

The calculation of the NEF is as follows: ‘? ~
NEF = 10 Log (Z— £ 10 M0 - 2.8
\ :
 in which
NEFij= EPNL.ij + 10 Log (NDij +,16.67 (NNij))-BB 2.9
i = E]ass of aircraft‘
| jo = flight path _
NDij = npumber of daytime f]ights ofl:
aircraft - i usipg flight path j.
| Nﬂij = number of-nighttime flights qf

.aircraft - 1, using flight path J.

The subtraction of a constant (88) is made to avoid

confusion.with other noise metriés. ~ ‘24

L.ﬂ
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2.1.8 Equivalent Sound Level (Lec)

Leq is the éVerage (i.e..the dverage on an energy

basis) noise level (usually A-weighted level) integrated”’

over some specified period of time (Ref. 6).

The purpose of Le is to provide a single number

q
measure of time - varying noise for a predetermined time

period. There are two metﬁgds to determine the Leq:

1. Continuous Integration.

—l—*\ .
For continuous time integration of A-weighted

sound level for specified time period, the

formula is: .

- . j_,[: T Len :
Leq = 10 Log — a( antilog (AL (t)/10) qgj
in which

AL (t) s instantaneous A-weighted level at time t.

T js the specified time period over

the time integrafion process_takes placle.

2. Temporal Sampling. L

For discrete sampling of A-weighted sound level

for specified time period, the formula is:

] J . .
- .
” .

2.

10.
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L = 10 Log :

Leq -7 antilog (AL;/70) 2.1

n

in which
ALi is the instantaneoué A-weighted level for
sample i
n is the number of samples of AL in a specific

time period.

2.1.9 Day-Night Average Sound Level (Ldn)

Ldn is the average (i.e. on an energy basis) A-weighted
noise level integrated over a 24~hour period. Appropriate
weightings are applied for the noise levels occ?rring in the

daytime and nighttime periods.

n
The purpose Of.Ldn is to provide a single number measure
of time-varying noise for a specified time period. It was
designed to fmprove upon -Equivalent Sound Léve] (Leq) by
applying a correction for nighttime noise intrusions. A
10 dB penalty is added to nighttime (2200- 0659) sound lgvels
to account for the increased annoyance at noise during the
night hours. Ldn uses the same energy equivalent concept
'ds Leq{ which is defined as representing a fluctuating noise
level in terms of a steady state noise having the same energy
content. The U.S. Environmental "Protection Agency (EPA)} has
adopted the Ldn as the rating method to describe Tong—term

annoyance from environmental noise. -(Ref. 7).



18

2.2 SUMMARY

Much of the research in psychoacoustics has been
undertaken using PNL,‘EPNL, and dBA. <Critics said that
PNL adds very 1ittle to dBA. Thérefore further investi-
gation modified PNL to the EPNL (CNR to NEF). The NEF ‘
takes more accurate account of discrete frequency
components which are typical of the sound from the more
recent turbo-fan jets and adds as well a correction factor
for the duration of the sound. The CNR does not consider
either'the 6uration factor nor the pure tone factor. It
is clear from previous sections, that the calculation
procedure for the NE? is more~comb]icated than the CNR

calculation (Ref. 11).

Leq is simpler to obtain than NEF. It is used for

numerous other sources, but has never been used to

.eua¢uitg\iircraft noise impact on the community residing

_aroupd an™airport. ,

This study tests whether NEF has any advantages.

over Leq or Ldn Yor appraising airctij; noisewihpact.



CHAPTER 3

ORGANIZATION OF THE REQUIRED INPUT DATA
FOR
CALCULATION OF NOISE MEASURES

This chapter explains how thé data is organized to
run the FAA Integratéd Noise Model (INM). The INM is a
computer program which predicts the noise of aircraft in
the vicinity of an airport in terms of'Naise Exposure
Forecast {NEF), 24-hour Equivalent Sound Level (Leq)’
‘Day-Night Average Sound Level (Ldn) and Community Noise
Equivalent Level (CNEL)‘for selected points on the ground
(a grid analysis for specific coordinates around an
airport) or in terms of contours of equal noise exposunslj
The INM is widely used in U.S.A. and copies of the
"‘brogram havg already Been sent to several other cduntries.
The FAA in March 1976 introducedrihe INM with only Ldn
‘and time of exposﬁre'above a threshold of A-wéighted sound
~level (TA) noise metrics. In January 1978 the INM Vérsion 1 .
.was introduced which brovides the user ﬁith all the above
mentfoned-noise metrics with one'computef‘program and
réequires the preparation of the input data only. once. In
fact, it is the f]éxibilig& in output that -makes the INM
very useful. 1In additior) another significant feature of
the INM is the data base stored. in the program which

contains the noise and‘performance data for a number of

19
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common civil aircraft, eliminating tﬁe necessity to determfne
and enter other'parameters. The INM provides the three noise
metrics {(NEF, Leq and Ldn) peing dealt with in this study. B
This chapter illustrates the organization .of the required ’ \
input data for the INM. First an X-Y coordinate system was
defined, then the ground tracks used by the a1rcraft, and
traffic mix were 1d ntified. Further K'rrhe Tand1ng profile

was def1ned, and the traffic mix was 1pént1f1ed to complete

7

the required input data. e

/

—

e

e
I

3.1 - Coordinate System and/Rdnways

An X, Y co-ordinate system was defined to identify thg_
locations of the'runways and of each one of the 56 sites
at ;hich the noise calculations are to be made (see Fig.3.1).
Each runway is -described by .2 points. Each point
ncon51sts of the location of the brake release po1nt for:

takeoffs in the opposite directions. Thus, there are 6 runways.

L,.
3.2 Ground Tracks ' '

Ground ‘tracks are projections along the ground of thé
aircraft's flight paths (see Fig. 3.2). There.are 30 tracks
for the runways of Toronto International Airport. Each

runway has 5 tracks, 4 of them for takeoffs having.right
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" Figu_re 3._1 ‘:' Qoord'inate System for Toronto Irite'mationa! Airpb_rt

-



22 (

= —

Figure 3.2: Flight Path
N

..____‘}__



] o 23

or lTeft turns, and the,remqiniﬁg one a straight track
for landings. Each track consists_of thrée'segments.
The first segment is the distance from the threshold of
. the runway to the outer marker dﬂ‘;e aircraft initiate
their turns. The seqdnd segment is the turn angle (the
angle between the third segment and the centre line of
the runway), and the turn radius which is equal to f.3
n.mi. The third segment is a straight Tine 50 n.mi. long.

The turn'radihs is calculated as follows:

An aircraft's rate of turn depeﬁds on its velocity
and amount of bank. The equation for.finding the angle

of bank is: k . 3

Tan p = &1V

e -8 - 1 ¢

(

Where p = Angle of bank
T = 3.1416 | o
v = VYelocity of ﬁhe.aircraf%J
g = Acce]eratioq of gravity (32.2 feet/secondz)
| t = Time in seconds required for a 360 degree
| 4’t'.ur'n (in this case a standard rate turn
will be 120 seconds).
Turn'Radius = Veﬁoéﬁ;yz (in feet/sec.)} - | 3.2
.g x Tan @

J
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For the present study -

v = 175 mpH

p = 8°

V = 175 x 1.467 - 256 feet/second’
Tan 8§ = 0.14054 i
- B (256)2

TR = = 14481 feet

32.2 x 0.14054

1

2.3 N.M- \

A negative‘sign for the turn radius meaﬁs that it is a
Jeft turn track and é'positive turn radius signifies a.
right turn track. For convenience, track 1,\2, 6}and
10 are reprinted jn Fig. 3.3. There are 6 straight
tr§cks with dn]y oné ségmen%.each. Tﬂese‘tracﬁs\gzip
considered as landing ‘tracks. '

Figure‘3.4 illustrates a1j the tracks for the runwéys

'of Toronto International Airport and Tables 3.1, 3.2 and

3.4 provide_the seghents o&ieach runway track.
i C ‘ »
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‘Figure 3.4: Runways and Tracks -

<

19

1

012345678
s s e, A e e v aee |

KILOMETRES



Y .
: 27
" TABLE 3.1.RWY 14L 3Z2R
TRACK | SECOND SEGMENT THIRD
ANGLE TURN RADIUS
&1 4.2 n.m. .- ;6590 -2.3 n.m. 50 n.m.
3 4.2 n.m. . 200 -2.3 n.m. 50 n.m.
4 4.2 n.m. . 350 2.3 n.m. | 50 n.m.
5 4.2 n.m. : 1100 | . 2.3 num. | 50 n.m.
- 7 3.8 n.m. - 1150 2.3’ n.m. | 50 n.m.
. 8 3.8 n.m. " ~ 1600 2.3 n.m. 50 n.m.-
9 3.8 n.m: 1559 | -2.3 n.m. 50 n.m.
10 3.8 n.m. > 600 -2.3 n.m.
Track 2 and 6 are ]and1ng tracks, each w1th one' straight
50 n.m. segmént v

_TABLE 3,2, RHY O5L 23R

TﬁgFK FIRST SEGMENT SECOND SEGMENT .’ slﬁéﬁﬁT,. ;
: ANGLE | TURN RADIUS
13 4.1 n.m. 115° -2.3 n.m. { 50 n.m.
1w 7. 4 nm 1050 -|. -2.3 n.m.. | 50 A.m.
15 S 4.1 aem. 500 -2.3n.m. | 50 n.m.
16 © 4.1 n.m. . 200 2.3 n.m. 50 n.m.
19 .- | - 3.8 d.m ¢ - 250 2T n.m. | -50 n.m.
20 3.8 n.m. 750 2.3 p.m. 50 n.m.
121 . 3.8 n.m. . 1300 | 2.3 n.m: | 50 n.m.
| .22 © 38 n.m. | 500 -2.3.n.m. | 50 n.m.
Track 12 and 18 are 1anding-trécks each .with one straight
50 n. m._segment. ) .

P

S
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TABLE-3.3. RWY 23 L 05R

TﬁgCK EIRST SEGMENT SECOND SEGMENT ‘ SEEAERT
] ANGLE | TURN RADIUS
' o : : [ ot

25 3.9 n.m. 1550 - | -2.3 n.m. 50 n.m.

26 3.9 n.m. - 1059 - | -2.3 n.m. |50 n.m.
27 3.% n.m. 509 | -2.3 n.m. | 50 n.m. |
-228 3.% n.m. 200 2.3 n.m. 50 n.m. | =7

31 4.6 n.m. _ 250 - 2.3 n.m. 50 n.m.

324 4.6 n.m. 750 . 2.3 n.m. | 50 n.m.

33 " 4.6 n.m. 1500 2.3 n.m. | 50 n.m.

34 4.6 n.m. 500 | -2.3 n.m. | ‘50 n.m.

, 2l
Track 24 and 30 are 1and1ng tracks, each w1th one. straight
50 n.m. segment. N

-

There are two outer markers for each runway, one at a fixed
~ . .

distance from each end of the kunway Department of Eﬁergy,
Mines and Resources (AIR. CANADA PILOI) prOV1ded the outer |

. markers distances in n.m. for each runway of Tqronto

Internat1ona] A1rport, .shown in Table 3 4.

_ , TABLE 3.4, OUTER MARKERS
DISTANEES FROM THE END OF RUNWAYS

RWY | ‘OUTER MARKER
114 32r 1 - 4.2 n.m.
32R 14L 3.8 n.m.
23R osL° | 4.1 n.m. )
05L 23R - 3.8 n.m.
23L  O5R 3.9 n.m.
- . 05R 23L | 4.6 n.m.
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3.3 L%nding Profile

A 30 Glide Slope is used for the approach prof11e.
The landing profile is d1v1ded F\i;‘z segments (seé
Fig. 3.6). Given altitudes at eacM~segment, distances
from runway end were calculated. The INM program data
base prov1des the correspond1ng ve1ocvt1es for the
\\/
indicators for the first four segments\w/pd aTso,grov1des

the thrusts for the indicators of the segmentg (Tab1es 3.5
and 3.6). :

LANDING SPEED

500 ft/nim SINK _

MANEUVER FLAP
S :

':\; LEVELFUGHT

3° GLIDE SLOPE ™\ AppROACH FLAP
LANDING FLAP.

L ] ] $ l L 2l 4

0 10 20 30 40 50 60 . 70 *8d 90 100 110
REVERSERS - DISTANCE - 1000 FEET Source: INM Visual Manual

-

~ Figure 3.6: LANDING PROFILE

~
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5. LANDING PROFILE

\u

N

/

SEGMENT

DISTANC

ES

FRCM RWY EN

B\“_ALTITUDES VELOCITIES

THRUSTS™*

]

-1.0

0.0

-10

.-0.165

0.0 -2

3.14

1000 -2

9.42

[ 8
3000 -2

12.56

3000 200 n.m.

17.27

5500 200 n.m.

*

See Table 3.6.

SOURCE: INM user manual.

_ TABLE 3.6. INDICATORS

S W N OB AW

el

Stop distance'

Thrust
Thrust
Thrust
Thrust.
Thurst
Thrust

for

for

for
for
for
for

‘Landing speed

30 Glide S]ope tanding flap
60 Glide Slope Landing flap
Leve] flight approach flap
30 Glide approach flap
Level flight maneuver flap
500 ft/nm sink maneuver flap

Idle thrust

Reversa

1t

hrust

SOURCE:

INM user manual
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For takeoff operations aircraft initiate their turns

at the outer marker.

This distance is considered as the

figst segment for each curved track for organizing the

input data for the INM (Ref. 12).

" The third segment in each track represents the

airway vector for flight operations. Table 3.7 provides us

with airways vectors used in this study, and Fig. 3.5 |

shows all airways vectors.

TABLE 3.7. AIRWAYS VECTORS

A o .

' AIRWAYS | DIRECTION OF / |
anGLE | SRR | s NATIoN | EXAMPLE OF DIRECTION *ANGLE
1150 | v 98 | East Ottawa,lMontreal, - 650

© North-A/,antic.
1600 | v 38 | u.s. East = | New York, Boston, 200
Washington.
1550 | v 164 | South Florida, Caribbean, 350
' Mexico, South America
600 | v 361 | South West |Windsor, Chicago, 1100
: San Francisco ,

* The angle befween the third segment and the
center line of the runway.

"SOURCE: TRANSPORT CANADA, TORONTO.

a™
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3.4 Traffic Mix

I

The aircraft traffic mix describes the average daily

. number of aircraft 6perations by type, ground track,

approach profile number and time of day at the airport.
The Statistics and Forecast Division of Transport Canada
supplied the number of aircraft movements for the three
summer months (June, July and August) of 1977 at Toronto
International Airport (see Appendix 1}.

Aircraft during the summer period of 1977 -have been
detérminedrto be composed of scheduled air carriers using

the following aircraft:

1.. DC-9-32
2. B-727-200
3. B-707-320 B/C
4. = B-7-7-420/320
5. DC-10-10
6. B-747-200
and of non-scheduled bperat{qn -
7. ° ,SABRELINER
8. TNIN'OTfER
. 9. CESSNA 310
Th oper tion of aircraft were divided into three

)] . ,
‘categories as follows:



DAY - 0700 to 1659 hours

EVENING 1700 to 2159 hours

NIGHT

2200 to 0659 hours i

The unusual time span for the evening js because the
outpuf provides us with the CNEL metric. The CNEL with
jts 5 dB penalty for evening operations is used W1de1y in
'U S. specially in Ca11forn1a The d1v1s1on aof the INM for
day, evening, and night did not affect the values of the. Ldn
for this study, which divided the day into two categories:
daytime from 0700 hours to 2200.hours and the nightime from
2200 hours to 0659 hours. -

The total number of operations for eéch category were
‘summed up and ‘divided by 90 to ob;ain the typical daily
operapion. Table 3.8 shows the summary for the arrtvalﬁ and-
Table 3.9 shows the total takeoffs and landdngs. |

The Histributjon of aircraft movements \1andings and
takeoFffs) to their specific tracks was e according to
flight’destination, which assigns the aircraft fo its /A}
corresponding track. The traffic mix data was followed by |
the grid points coﬁc]uding the organiiétion of the input:
data. The limited capacity of the McMaster Computer Centre
was insufficient to run the exceptionélly large INM programme.
The punched data were sent to the U.S.A., and were run on

the United Computing Service system.
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TABLE 3.8. ARRIVALS

DC-9-32
RHY® DAY EVENING NIGHT
05L 378 234 9
05R 900 594 207
14L 900 396 261
23L 1260 990 - 8]
23R 342 342 9
=t
32R 639 . 288 :
B-727-200
RHY DAY EVENLNG NIGHT
05L - 135 99 18
05R 351 234 153
14L 333 153 162
23L 441 378. 72
23§' : 135 135 18
- A~
32R 216 108 '
! 4
B-707-120B
o

RWY DAY EVENING NIGHT
05L 135 90_.

05R 324 198 144
14L 351 126 180
231 450 333 54
23R 126 108 18
32R 207 90

S

Q}\f)



TYPE 13:

TYPE 21:

TYPE 25:

\

TABLE 3.8.
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ARRIVALS (Cont'd.)

B-707-120/320

EVENING

RWY DAY NIGHT
05L ] 9 _
05R 45 9 9
14L 18 18 9
23L , 45 . 36 9
23R 18 9 }bj
32R 27 18
DC-10-10
RWY DAY EVENING NIGHT
05L 63 90 9
05R 198 207 63

- 14L 180 171 81
23L 279 . 342 45
23R 63 126 9
32R 126 99

~ ]
B-747-200
RWY DAY "EVERING NIGHT
ost. T 27 36
05R 72 90 T 9

141 72 ' 7R 27
23L 17 144 | 9
23R . | . 27 63 9
32R . 72 36
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TYPE 38:

TYPE 39:

*

TYPE 40:

37

TABLE 3.8. ARRIVALS (Cont'd.)

SABRELINER

RWY DAY EVENING NIGHT
05L 171 126 45
05R 108 36 27
141 216 81 45
23L 81 63 9
23R 270 225 18
- 32R 189 90

TWIN OTTER ”
RWY DAY EVENING NIGHT
05L 135 99 27
05% 207 108 27
14L 225 g0 45
23L 225 198 18
23R 207 171 9
32R 198 90 9
CESSNA 310 .

RWY DAY EVENING NIGHT
05L 549 468 162
05R 81 54 126
14L 261 72 117
23L 72 36
23R 540 144
32R 117 81
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TABLE 3.9. TOTAL TAKEOFFS AND LANDINGS
TYPE OF AIRCRAFT ‘ AMRIVALS DEPARTURES
. . '
] DC-9-32 ' - 7796 7736
2 B-727-200 3128 2181
3 ,| B-707-120 . 2957 29 ]
4 B-707-120/320 271 25
5 DC-10-10 \ y 2152 .20
6 B-747-200 878 871
7 SABRELINER 1797 1809
8 TWIN OTTER 2075 2072
9 CESSNA 310 3946 4074
>

TOTAL OPERATIONS:

\‘\J
Arrivals:* 25,000 - Daily Average = 277.78 J

Departures: 25,065 - Daily Average 278.50

N, |

* pDifferences between number of arrivals and departures
are because some aircrgit‘are grounded overnight or
re

longer and others regq maintenance and overhaul
check ups. . .



"CHAPTER 4

ANALYSIS OF MEASUREMENT

Research in‘psychoacoustics has revealed that
attitudés, beliefs and values of individuals may greatly
influence the degree to which a person considers a given
sound annoying. At a particular noise level, community
response usually includes some percentage of people high-
Ty annoyed, some” percentage of people moderately annoyed
and others are not annoyed at all. Thfs chapter explains
the predictive ability of noise metrics and the analysis «
of measurements. The first section of this chapter
describes the social ;urvgy data. The second section
explains the analysis and the resﬁ1ts, followed by section

three, which cToses.this.Chapter with a zﬁijf summary.
i

4.1 Social Survey Data

The response data were derived from the social
survey conducted in the summer of 1978 (June,.July and
August) at 56 residential sites in the vicinity of Toronto
International Airport to repéesent people's judgement to

aircraft fly-overs using a household questionnaire. A

39
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toté] of 673 interviews (Ref. 10) were obtained from the
965 households at the 56 sites. Appendix 2 shows a copy
of the queﬁtionnaire and Appendix 3 shows a .copy map of
the airport, showing the approximate location of eacﬁ site.
Each site was categorized according to.1979 NEF forecast
.levels pfdvidéd_by Transport Canada {(Table 4.1), the
location of thehsite.re1ative to the flight path, and the

presence or absence of road traffic noise.

TABLE 4.1: NUMBER OF SITES BY NOISE LEVEL

NEF 40 35-40 30-35 30

# SITES 3 16 18 \ﬁg
-

~ From the 673 completed intefviews 88 percent mentioned
hearing aircraft noise and 74 percent were annoyed by air-
craft noise. (Ref. 9).
For the analysis of this study, the dependent variable
used is the percentage of respondénts at each site who |
mentioned a certain effect. TPe four,categdrieajof

- aggregate respgnses selected for this study are as follows:

1. the B rcent of respondents who are highly annoyed by

ajrcraft noise (question 2, see Appendix 2)};

#~.._the percent of ‘respondents réporting speech inter-
' 1
hkh;::zﬁgf (questions 3 and 4);

| | 104
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the pertent reporting slieep interruption {questions
6 and 7); ’
4. the percent who mentioned having taken some form of
complaint action (question 10).
4.2 Ana]ysis Methods and Results
The INM prlovided us with physical data in terms of
NEF, Leg, and Lgj. Table 4.2 gives values of NEF, Legq
and Lgn for each of the 56 sites (see Appendix 4).
TABLE 4.2: NOISE EXPOSURE VALUES
SITE ' SITE
No. NEF Peq Ldn No. NEF Leq Ldn
1 .9 7.7 74.7 29 22.5 55.5 57.0
2 .2 70.4 73.2 30 22.2 56.1 58.6
3 36.0 68.6 71.3 31 24.6 59.1 61.2
4 31.5 64.7 67.2 32 22.5 57.3 59.3
5 31.0 64.4 | £6.9 33 22.8 58.0 | 59.5
6 30.8.| 64.3 66.6 34 35.0 67.5 69.1
7 30.5 64.1 66.3 35 28.7 61.7 63.2
g8 | 21.8 56.6 58.6 36 34.2 66.6 68.2
9 31.8 64.0 67.1 37 22.1 57.1 58.2
10 31.8 64.0 |:67.1 38. 32.0.] 64.7 66.3
11 23.7 57.1 59.8 39 25.9 59.8 61.3
12 27.4 60.5 63.2 40. 25.5 59.0 60.5
13 31.3 63.6 66.5 41 | 26.2 59.5 61.1
14 24,7 58.1 60.7 42 32.7 65.9 66.6
15 28.2 61.0 63.7 43 29.9 62.9 63.8
16 29.1 63.1 64.9 44 32.3 65.6 66.2
17 20.5 55.6 57.0 45 29.7 62.7 63.6
18 27.1 60.2 61.6 46 32.0 65.3 66.0
19 | 30.1 62.6 | 64.0 .47 26.2 59.2, | 60. 4
20 29.2 61.8 63.1 48 30.1 63.5 | 64.2
21 21.3 54.9 56.3 49 29.7 63.2 63.8
22 23.0 56.1 57.5 50 25.7 58.7 60.0
23 23.4 56.3 | 57.8 5t 27.6 60.4 61.1
24 23.21 56.1. | 57.6 52 25.4 57.9 58.9
25 22.1 55.4 56.9 53 27.5 | 62.1 63.7
26 21.8 55.0 56.5 54 27.4-] 59.6 62.5
27 22.6 55.6 57.1 55 25.8°] 59.0 61.6
28 22.0 55.1 56.6 56 26.4 59.2 61.4
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“Table 4.3 gives the regression equations and correlation

coefficients for these variables, which shgy,a very high

degree of correlation———

S | 'TABLE 4.3 _
LINEAR REGRESSION EQUATIONS FOR NOISE METRICS

Lleq = 0.88 NEF + 36.35

r2 =_0.97

r = 0.98 | o

. . ]

Lgn = 0.93 NEF + 36.68

r2 = 0.95

r = 0.97 ‘ ST _

From.Table 4.3 correlation among Lggq, Ldnf&nd NEF
Viﬁplies there will not be much variation in relationships
Kith response.- | '

The scatter plot of Fig. 4.1 shows noise events in .
terms of Leq and NEF and the scatter plot of Fig. 4.2.
represents noise events iﬁ terms. of Ly, and NEF.

.. In reviéwing the data from the 56 sites near Toronto
International A:rport, Leq fell 2 to 3.1 dBA lower than
Ldn at 22 sites; 1 t6 1.6 dBA lower thén'Ldn at 26 sites,

v

0.5 to€0.9 dBA ‘lower than Lgq, at 8 sites. These differences

between Lgp and. Leq are listed in Table 4.4.
-

-

—_—



_ ' Y =0.9X + 36.35

NEF

: Figure 4.1: L, and NEF Scatter plot for Noise
Evgnts Data at 56 Sites.
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4 -  ¥=09X+3668
o}
(] o
Ldn
s0}-
‘\
aol-
30 l | 1 ] .
0 10 20 30 40

NEF

Figure 4.2: Lgp and NEF Scatter plot for Noise
Events Data at 56 Sites. ‘

/
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TABLE 4.4: Lgp - Leg

ldn - Leq 2 to 3.1 1 to 1.6 0.5 to 0.9

# Sites . 22 26 ; 8

« .
It has been mentioned in.Chapter 2, that a 10 dB night

penalty distinguishes Lan from Leg and a normalization
preaess equalizes both descriptors if njght levels are lower
10 dB than inithe day. In fact, an unusual increase of

night traffic mix represents a significant difference between
Lgn and Leq. However, scheduied flights are not permitted

at Toronto International Airport due to night traffic curfew,
which explains the small differences between Lgp and Lgg

values.

»

The remainder of this section-is'to identify functions
relating to noise levels and four response variables report-
ing speech 1nterference, sleep interruption, complaints and
high annoyance at aircraft n01se exgerienced by people
1iving around Toronto-Internetionai Airport. A;mentioned'

earlier in Chapter 1, regression analyses are used to

determine how well noise measurements predict response.
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Percent Speech Interference

The statistical coefficient fof‘t e three metrics for ~

speech interference are represented'in Table 4.5.

TABLE 4.5: STATISTICAL COEFFICIENTS FOR SPEECH
1. INTERFERENCE.
NEF Leq Ldn
Intercept ' .25.5 -142.7 -120.6
Slope 3.05 3.31 2.86 1
r ? .6159 .6089 L5517
significant (r) .001 .001 .001
r2 | .38 .37 . .30

The results described "percént speech interference"

as a function of NEF, L

eq? and Lgqp by the.followihg

" relationship:

3.05 NEF - 25.5 4.1
3.31 Log - 142.7 4.2
'2.86 Ly - 120.6 4.3

% Sbeech Interference
4 Speech Interference

% Speech Interference

In essence, theséf?biafﬁonships predict no'péople
having speech interference at NEF = 8.36, or at Legq = 43.1,
;r at Lqp = 42.16. However, from Table 4.5 the coefficient
of detgrmination r2 = .38 mea::'théi 38% of the total .
variance 1n.the percentage of peqp1e reporting spéech
-interfereﬂée is explained by the regreéEQon equation 4.1
for NEF values. Thirty-seven percent of the total variance

in percentage of people reporting ;peech;interferénce is
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explained by the regression equation 4.2 for Leq values,
while only 30% of the total variqncg in percentage of
people reporting speech interference is expiained by the
regression equation 4.3 for Ldp values.

— Table 4.6 represents percent of people disturbance

(speech interference) at various levels.

TABLE 4.6: % SPEECH INTERFERENCE AT
: VARIOUS NOISE LEVELS
~ NEF -
NEF 35 30 28 8.36
% Speech .
. Interference 81.25 66 59.9 -0
. I
R Leq .

| L 68 63 61 43.1
eq . . -
% Sbeech
Interference 82.38 65.8 . 59.21 0

Ldn
| Ldn ¢ n ~ 66 $3 . 42.16

%,Sﬁeech,
Interference 82.46 68.16 59.58 0

Figures 4.3, 4.4%nd 4.5 indicate that a linear fit

is as good as any other,

+

-~

S
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The significance of the differenceg,ﬁn these correlation
coefficients (Table 4.5) can be calculated as follows. The

variable Z, calculated as follows, has a-normal or Gaussian

—

distribution (N (0.1)):

TS [ WA EPETY NUER Y WA SRS

- 1
dm-a tonp-3

For the two correlattan.coefficients in Table 4.5 with the

greatest difference, ny =!np = 56 (sites), r; = 0.6159 for NEF,

-

rp = 0.5517 for L4p, and

Z =% Ln (1.6159 / 0.3841) -% Ln (1.5517 / 0.4483)
. B !

Z = 0.5024

For 95% confidence Z must be greater than or equal to'1;96.

Hence one must conclude that. the difference between these r
-Q_/vﬁTEEE‘fpr'NEf and Lgp is not significant. ‘ObviousTy, the

smalter difference between Lgag and each of these 1is alsp‘not“

statistically significant.

A
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. B2
Percent Sleep Interruption

The statistical coefficients for the three noise des-

criptors for the sleep interruption are represented in

Table &.7.
TABLE 4:7: STATISTICAL COEFFICIENT OF SLEEP
INTERRUPTION .

NEF Leq. Lan
INTERCEPT -11.5 -62.4 -58.3
SLOPE 1.33 1.44 1.33
1r | : .3784 .3725 .3614
SIGNIFICANCE (r) .002 .002 . .003
r2 ' T RV S

4

L3 . -

The resu1ts'described "percent sleep interruption” as

a function of NEF, L and L by the following re]atigg— ;

eq -dn
ships: -, . ¢
%-Sleep Interruption = 1.33 NEF - 11.5 .~ 4.4
% Slgep Interruption = 1.44 Leq - 62.4 4.5
© % Sleep Interruption = 1.33 Ldn - 58.3 4.6

In essence, these relationships predict no people
reporting sleep disturbance at NEF = 8.65 or at Lo = 43.33
dBA or'at Ly, = 43.83 dBA. However, from Table 19 theffco-
efficient of determination r2 = .14 means that only 14% of
the total variance in the percentage of people repoﬁhing sleep
interruption 1is exp1a1ned by the regression equatnons 4.4 and
4.5 for NEF and L eq values. Th1rteen percent of the. total
varlance in the percentage of people reporting sleep 1nterrup-

tion fs explé\ned by the regress1on equation 4.6 for Ld values.
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p; Table 4.8 represents percent of people djgturbance

(sTeep interruption) at various levels.

“ITABLE 4.8: % SLEEP INTERRUPTION AT VARIOUS
NOISE LEVELS
NEF
NEF 35 30 28 8.65
fnilﬁﬁﬁp. 35.05 28.4 25.7 " 0
5 LEq i .
leq 68 63 61 143.33
fnilﬁﬁﬁp._ 35.5 28.3 25.4 0 \\~
| | - Ldn )

Ldn 71 86 63 - 43.83
fnilﬁﬁﬂp_ 36.13 © 29.48  25.49 0 f;/

. .’//

Figures 4.6, 4.7 and 4.8 indicégg’that a linear fit
is as'good as any other. From Tabl 4.7 we can see that
correlations-betﬁeen variables are poor and it is not &
good fit and here again the results show noise metrits
are considered to be equal in predicting percent of peopie

reporting sleep interruptions.
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_ TABLE 4.9: STATISTICAL COEFFICIENTS FOR compLAINTsf
. NEF Leq Lan
Intercept - 8.1 -35.7 -22.0
Slope .88 .85 .61
—] r .2200 1930 .1431
: -significance {r) . 051 .077 .143
r2 .05 .04 .02

Percent Complaints

/

4

The statistical coefficients for the three noise

descriptors for complaints a;é-presented.in Tab?e'4;9.

The resuits described "% complaints” as a function of

NEF,.Léq and L, by the fo]]owing.relationships:

¢. complaints = - 8.1 ¢+ .88 NEF 4.7

¥ complaints = -35.7 + .85 L4 . 4.8 L~

% complaints .= -22 + .6] L&n 4.9

_In essence, these relationships predict no people
reporting complaints at NEF %_9.2 or Leq = 42 dBA or Ldn =
36.06 dBA. However, from Tabie 21 the coefficient of.

2 _

determination r& = .05 means that only 5% of the total variance

in the percentage of peop]e reporting complaints is .explained

by the egression equation 4.7 for NEF values and only 4% and
&

. 2% are explained by the regression equations 4 8 and 4,9 res-

pectively.
=

~

~ ' @
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@

Table 4.10 represents percent of people reporting

complaints at various noise levels.

TABLE 4.10:% COMPLAINTS AT VARIOUS NOISE
' ; LEVELS
NEF
- . ——
NEF a5 30 . - 28 9.2
g Complaints 22.7  18.3 16.54 0
Leq
Leq 68 63 61 42
% Complaints 22.1 17.8 16.15 0
e Ldn
- \
Ldn 71 66 63 36.06
¢ Complaints 21.31 18.26 16.43 /, 0

. L

Figures 4.9, 4.10 and 4.11 indicate\that a linear
fit is as godd as ény other. The correlations are very
poor and- the slopes are almost flat, and again tHe noise

metriés are equal in predicting percent comp]aidts.'

-
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Percent High]y ‘Annoyed '

"The statistical coeff1cents for the three noise descr1ptors

for h1gh]y annoyed are represented in Table 4. 11

TABLE 4.11: STATISTICAD COEFFICENTS FOR HIGHLY
ANNOYED

~ | - NEF Leg Ly,

Intercept Vo 6.0 -63.4 | -42.5
Slope -« | 1.58 | 1.66 1.28
r : | .3438 | .3279 | . .2651
Significince (r) -004 .006%| .024
rl . a2 - .07

The re{ults‘ﬁescr1bed "% Highly annoyed" as a function of
q/’and Ly, by the following relationships:
- 6.0 + 1.58 NEF 4.10

% Highly Annoyed

¢ Highly Annoyed = =-63. 4 + 1 66 L, eq 4,11

% Highly Annoyed = -42.5 + 1.28 Ly 24-12 A
These relationships predict no people highly annoyed at NEF =
3.79, or Leq = 38.19 dBA, or Ld = 33.2 dBA.

However, from Table 4.%i:xﬁe .coefficient of determ1nat1on r2 =

.12 means that only 12%_of the total var1ance in the percentage
of people. reporting highly anneyed is exp1a1ned by the

regression equatien 4.10 andron1y 11% and 7% are explained

by the regression equations 4.11 and 4.12, .

N
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Table 4.12 shows percent reporting highly aﬁnoyed

at various noise levels.

(.
TABLE 4.12; 4 HIGHLY ANNOYED AT VARIOQUS NOIS
LEVELS :
NEF _
NEF - 35 30 28 3.92
¢ Highly : _
Annoyed 49.3 41.4 /,138.24 0
| e N
L 68 63 7 61 . 38.19
eq | R
% Highly : o
Annoyed 49.43 . 41.18 37.86 0
Ldn . ‘
Ldn' 71 . 66 63 33.2
% Highly )
Annoyed 48.38 41.98 38.14 0

Figures 4.12,-4.f3 and 4.14'indicatq that a linear

fit is as good as any other.

From Table 4.11 the

dﬁrre}ations between variables are very poor and it is

not a good fit.

A1l the three noise descriptors are not

significantly different in predicting pércent highly

annoyed.

Y

4
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4.3 Brief Summary

This . section provides a brief summafy, Tab/le 4%

shows the R values of noise metrics for the foux variables
« /_H_

investigated.
" .

TABLE 4.13: R VALUES OF NOISE METRICS
S
NEF Leq Ldn
b Speech Interference .6159 _.6089 .5517
i Sleep Interruption .3784  .3725 .3614
% Complaints .2200 .1930 .1431
L Highly Annoyed .3438 .3279 - .2651

[
.

Linear regression®analysis were performed in order.
~to provide the best description of the relationship between
the noise metrics and each response variabie. The resu]f
drawn -from the linear regression.equetion for noise metrics
(Table 4.3), that Legq, Lgn and NEF are very highly correlated,
have been proven by Table 4.13 results. Therefore, the three
noise descriptors are equal in predicting percentage of

annoyance people experience for each response variable.
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CHAPTER 5
CONCLUSION AND RECOMMENDATIONM FROM RESULTS N

C
_ = | ¢
+he purpose of tﬁis thesis was to determine the relative
me?:t of Leq and, Ly, measuring techniques in comparison with
NEF for predicting community reaction to aircraft'noise. This h
is important for at least three reasons:

1. The acceptance of Leq o Lygp f%r predicging

community reaction to aircraft noise,.

2. It is a necessary step towards staﬁ%ardizing_
. - .
. e n%ise‘ﬁeas%rements. . ' -
3. ﬂzq is simpler to calculate than NEF. l ’\k/

The answer to the question which this thesis has dealt

! R . " |
with is not obvious.” NEF shgy]d be a better ®redictor of

community response for the following reasons.

. , I}
1. It has been deveIoped.speciJ£;ally‘for aiﬁ?&aft

noise measurement.

2. NEF calculations are much more complex, and 0’
T T~ should be more accurate.
- | . -~
4 ,’\\ For these same reasons, one would not expect NEF and Lgq

to be c]ose1y'torre1éteq. "However, they may be equally godod

predictoré of communfty response on the basis of different

aspects of the aircraft noise.
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To apswér this'question, two kinds of data were needed;

_Community regponse data, and noiSe 1gvels, in terms of the

. three measures. The response.dpta were derived from a social
survey which was conducted in the‘summer.of 1978 (June, July
and August) at 56 residential sites ih the vicinity of Toronto
Internatieaal Airport.  A-total of 673 interviews were obtained
from households at the 56 sites. This study used the FAA
Integrated Noise Model (INM) to calculate aircraft noise
measures.@mThe INM is a computer program which predicts the
no1se of a1rcraft in the vicinity of an airport in terms of
Noise Exposure Forecast (NEF), 24-hour Equ1valent Sound Level
(L Day-Night Average Sound Level (Lgn) and Community Noise
Equ1%g1ent Level (CNEL) for. selected poihts on the ground

(a grad ana1y51s for specific coord1nates around an airport)

P ///or in-terms.of contours of equal noise exposure. ' The INM

provided us the physical data in terms of NEF, Leq‘and‘Ldn

for each of the 56 sijtes (see Table 4.2). . )
Before turn1ng to the community response data, the noise

»méggares at the 56 gites were compared using corre]at1on and
-4

e

regression analysis.

™ Fér the 56 sites, Leq> Ldn and NEF are highly correlated.

(1‘\ 0.97 for 1, eq and NEF3 r2 = 0.95 for Ly and NEF).
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: This resu]t'1s somewhat surprising for the reasons °

discussed in the beg1nn1ng of this chapter Leq-measuring
technique has never been applied to calculate aircraft noise,
while,NEF is specially deve1oped for_th1ihggﬁpose. I'm
‘addition,Néf calculations are much more -complex than Léq
ca]cu]at1ons This resu]t sugqests that there will be very
little d1fference in’ the ability of the three measures to
predict community response. In order to 1dent1fy fully the :
specific relationship between these noise measures and
community reaction, however, it was still necessary to
proceed with further ana]yses, although the general trend
.of,the answer to the .research quest1on is c]ear from this
‘resu1t. | .
Regressﬁon analysis was used to identify equations
. relating four response variables to each of the three noise
measures. The response variables were aggregated measures.
{notrindividual), based on the percent of people at each site
'reporting speech 1nter£erence; sleep interruption, complaints,
. and.high annoyonce. Since theee peroentages were taken oV%r'
only 12;15 people, a'high variation can be expécted. |
The resu1ts show that the three noise descr1ptors. NEF -
Léq and L4p are not significantly d1fferent in pred1cting the.
percentage of people report1ng each ofEihe four responses
(Table 5.1), Clearly these R2 values are not high ‘Bne: reason

/
/\



71

is of course, the small number of people (10-12) each per-
centageawas calculated over. A random fluctuation of one
person implies # 10 points in the percentage responding,
-which is nearly half the scatter in the graphs (for example
Figs. 4.4, 4.7, 4.10 and 4.13). These small numbers at
each site were neces;ary for other purposes of. data .
collection, and were beyond the control of this thesis.
Another possible reason for the low RZ values may haQe to
do with the INM calculation. ] ‘ R

INM calculated NEF values do not agree exactly with |
NEF values calculated by\Iransport Canada's computer program.
However, INM was the only way to obtain all three noise

measures in one program. Other studies have shown each

metric taken separately, to be gooﬂ predictors of community

response, so these results (Table 5.1)should not be” taken as

showing .that all are pd%? predictors;

TABLE 5.1
PREDICTIVE ABILITY (RZ) OF NOISE METRICS

¥

Leq
% Highly Annoyed o 2
% Speech Interference .37 \

2 Sleep Inter tian .14

\¥‘Jf;/7—% Complaints
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Given this result, that all three metrics are equally
good, this‘study recommequ the use of Leq for aircraft
noise because it is used for evaluating noise sources
other -than aircraft. It would be more convenient if Leq ~

could be used for evaluating aircraft noise also.

In addition, Leq does not apply any night penalty.
Both NEF and Lqn apply a 10 dB penalty for aircraft '
arriving or departing an airport aftgr 22:00 houfs. but
not a minute earlier (21:59 hours). In other words, the
two reasong.for the 1mport§nce of this research question

fotﬁjfﬁe basis for the argument for preferring Leg.

Many noise exposure indices are Use& 1ﬁtérnat%ona11y
to evaluate aircraft hoise. These are basically similar \
to each other, for example, the Internatfona1 Civil
Aviation Organization uses NECPNL (Heightéﬂ Equiva1ent
Continuops'Perceived Noise Leve]);'in gﬁuth Africa they use
NI (Noisiness); An The Netherlands fhey use B (Total Noise
Load); in Frahce they use N {Isopsophic Index); iq U.K. theé
use NNI (Noise Number Index); im U.S.A. they use NEF, CNR

and CNEL. In Canada they use NEF only. Table 5.2 proQides

us with a comparison of all the above noise indices.(REf« 13}).

N



73

TABLE 5.2
Equations for comparison of noise exposure indices
USA: CNR = 10 log, 1051 + 10 logy,N — 12
NEF = 10 logj,10%»"® + 10 log, N — 88
France: N = 10 log, 1051 + 10 log,,N — 30
’ ’ . .
. Great Britain: NNI = 10 log;,10%~"° + 15]cgN — 80
Germany: 0 = 13-3 logyol0%" 4 133 log,V — 523
South Africa; NI = 10 log, 10%==" + 10 logy N — 39-4
" .
Netherlands: B—thWﬁ“+mme—C-
. | 1cA0: WECPNL = 10 log, 104410 logioN — 39-4
g Note:L,, = PNdBand L. = EPNB
N = Number of events heard.
Source: “"The Economic Value of Peace and Quiet"

Starkie,.D.M., Johnson; D.M:

R

¥

The W}de range of descriptive indices is for pdﬁitﬁoal

L ]
reasons rather than purely technical ongs.

this thesis suggest that this wide range of descriptive indices

in current use is unnecessary and may;,in_fact, hinder technical

undé}sf;hding of aircraft noise effects.

‘The results of
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APPENDIX 1

Transport Canada Statistics, 1977 Operations
of Toronto International Airport
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Social Survey Questionnaire



5. 92

.
) SAMPLE CELL (1-2)
BLOCK CODE - (3-5)
ADDRESS (6-9)
INTERVIEHER # © (1/10)
START TIME (1711-1%)
.-  NETGHBOURHOOD ATTITUDE SURVEY
MCMASTER UNIVERSITY |
TRANSPORTATION RESEARCH GROUP
CALL DATE THME RESPONSE *
1. }
2.
3. -

INTRODUCTION: Helle, I'm from the Geography Department at McMaster University
~2_ in Hamilton. I'm interviewing peoplg to find out their .
pinions about their neighbourhood, Could you spare me about
10 minutes? Thanks very much. ’

x / \

L.

P
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1a. What are the important things you like about living in this neighbourhood?

[V all items mentionad in colum "Like V)
b. What the important things you don't like about 11v1ng in this
neighbourhood?

(7 all items mentioned in colum "Don’t Itke V7]
c. [Use CARD A

Here' are some other things that have been mentioned. Are any of them
jmportant to ypu as things you 1ike or don't like about this neighbourhood?

[/ all items mentioned in colwm "Like E" or "Don't 1ike E']

Ttem , Like Like Don't Like

Y E v E
a @ (3} (4)

Schools )

Shopping

Qpen Space

Recreational Facs.

Bus Service

Proximity to Work

Noise

Quietness

Alr Quality

Landscaping

Cost of Housing

Quality of Housing N

Neighbours ¢

Safety for Children

Crime

Maintenance

Privacy

parkin o

Other ispecify) .

d. [UVéa CARD B]

-

In general; how satisfied are you w1th this neighbourhoed as a’ place to Tive.

{1 extreme]y satisfied " (6) slightly d1ssatisfied

2) considerably satisfied
3} moderately satisfied

. 4) slightly satisfied
5) neutral : .

e. If you could change Just one thing

7) moderately dissatisfied
. 8} considerably dissatisfied
9) extremely q&ssatisfied

—

about this neighbou;hood, what wﬁuld it be?

llll

i

ikas)

(1/716)
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{You have mentioned quietnesé?noise; 1'd like to ask you more about that.]
' R

[One of the things we're particdﬁarly intérested jn is the sounds people
notice and I'd 1ike-to ask you about that.j .

What sounds do yoy notice when you are at home?

1V all sources mentioned in colum V] —_
[rr road traffic noise is volunteered, ask whathe?@ mad or loecall

[Use CARD C] . * -

How do you rate each of the scunds you have mentioned?

(Enter EA-ED rating in colwm INTEUS.)

1 = Extremely Agreeable 6 = S1ightly Disturbing

2 = Considerably Agreeable 7 = Moderately Disturbing

3 = Moderately Agreeabie 8 = Considerably Disturbing .
4 = S1ightly Agreeable 9 = Extremely Disturbing

5 = Neutral

[Usa CARD D]

Here is a 1ist of common sounds (you have already mentioned some}.
Do you ever notice any of these {any of the others)?

[/ all sources mentionad-in colum E)
[Uaa CARD C]

How do you rate each of those additional scunds you have mentioned? N

. |Enter EA-ED rating in colurm INTENS. ]

Considering all you have mentioned, how woqld you rate the overa]] notse?

L : K M . . f

{Enter EA-ED rating in colwmt INTENS.)

hY



* Aircraft

95 .

-
E g Intens.
(EA-ED) / '

¢\4

Source

-

Children/other people
Handyman tools

Aiv conditioner
Domestic pets

Garden machinery
TV/radio/records
Musical instruments
Local traffic noise .
Main road traffic noise
Motorcycles

Trucks

Snowmebiles

Mini-bikes

Trains

ERRRRRRRRRRRRERAR RS

Industrial ngise
Construction noise
Institutional noise
Mechanical or plumbing noise
Other especifyg

PEEEETEERETT T

RN A AR RN NRE

NELGHBOURHOGD

II would like to ask you more about your reactions to (aircraft/main road/
truck/trhin/industrial) noise and the overall neighbourhood noise)

[UVse CARD E] '
On this scale from 0 (not at all disturbed) to 10 (unbearably distuybed)
how Qo you rate (source) noise and the overaill ’ ‘ noise:
Y ”~
[Enter § to 10 rating in ralevant scurce colums] -

o AIﬁ:;AFT MAIN TRUCKS TRE&NS INDUSTRY NEIGHBDURHOOb
: ROAD '

indoors day
outdoors day
indoors evening
outdoors evening
night

in general

T

—
——
——

RERRR
AR
P

RERRY

(3/12-29) (4/12- 29)

th
]

712-29)(6/12-29) (7/12-29) (1/20-37)

"~

(4/10-11}
(5/10-11;

6/10-11)]
3/10-11;
7/10-113;

(1/19)



b.

a.

b.

[Ask only at Malton)

On the same scale how.do you rate (source) noise and the overall
™ _’ noise when;

[Enter 0 to 10 ratings in relevant source columns] .

MAIN TRUCKS TRAINS INDUSTRY NETIGHBOURHOCD
ROAD

flight path in this
direction

f1ight path not in
this direction

——— a— e e— —_—

(4/30-35)(5/30435)(6/30-35)(7/30-35)(1/38-43)

fomit Q'e 4, §, 9, 10 for sources with gll zero ratings in 3a. and 3b.1]

< N )
[Por each disturbing source only) - (T\
How often does (source) noise disturb youé
{Read Categoriecs] ' . .
. 'AIRC?AFT MATH TRUCKS TRAINS INDUSTRY.
) ROAD
Tess than once a day . _\ ey ___
once or twice a day r

several times a day
almost‘continuously

E- N7 ) o

(373)  (47) (5T3B) (6738) . (7736)
[For each disturbing source onlyl

what time of year are you d1sturbed most by (source) noise? .

‘ AIRCRAFT MA:E TRUCKS TRAINS INDUSTRY
1) ‘Summer
() ey — = = = =
/3y G GTYY 67 A

What days and times are you disturbed most by (aircraft and/or "other
» source” noise)?

Ko difference

_ KIRCRAFT MAIN TRUCKS TRAINS INDUSTRY

‘ ROAD

'Days/times

— e e— mm— e—

No difference

(3/32213j (473838 (5/38-39) (573§-3§) (7738-39)



C.

. Sleeping

97

(Use CARD E)
How disturbed are you by (source) noise at this/these times?

AIRCRAFT EEIN TRUCKS  TRAINS INDUSTRY
AD

I

(3/34-36)(4/10 42)(5/40 42)(5/40 42-t_740 42)
[Qgr all major sources noticed (Q's 2a/2e)]

Rating

Are there any activities which (source) noise 1nterrupts?

[Volinteered answers onlyl

Source - . AIRCRAFTh'MAIN TRUCKS TRAINS INDUSTRY
ROAD .

-

’.

Relaxing in

Relaxing out
Conversing 1n
Conversing out
Working in

Working out

T.¥.

Telephone conversation
Eating

|||‘1m|-(.
TR
T
L
RRRRNNRER

3-52)(7/

R

£
o

(33 3786 (4/43-52) (5743-52) (67

3-52)
[For all rixjor sourcas notzced (Q's 2a/23J]

What effects on you and y&ur family has (source) noise had? b

" L [Read 1iet] 4

, Hearing loss

‘Headaches

AIRCRAFT MAIN TRUCKS TRAINS INDUSTRY .
ROAD

Nervousness -

-

Irritability

III\
T
L

Hl'l N

Interrupt sleep -+ . o~
Kept awake
\

/53-5

wl

(3/ 47’@ (4/ 53“5?;\ (5/'?‘513) (6753-58)(7/5

é

-
LY



bt

v
g8 .

N 7

[For all major socurces noticed (Q's 2a/2ec])

Are there any effects of {source) noise that haven't been mentioned

which concern you?

¥
[Write in as specified]
-
AIRCRAFT MAIN TRUCKS TRAINS INDUSTRY 1

ROAD

GrEim)  (a/5en)  (5/5960)  (§769-60) . (7/59-60)
For esach disturbing source énly) .

When you are disturbed by {source} noise do you:
[Read list]
’

AIRCRAFT MAIN TRUCKS TRAINS INDUSTRY
~ RORD :

Close your wWindow

Hear earplugs
Contact noise source
Wait for noise to stop

\
— e
—

Use air conditioning - —_ s
Stay indoors I — _,z__/ —_—
Turn onfup TV/radio/records ___ . _— U

.
—

LTHH

(3/55-61) (4/61-67)(5/
[For each disturbing source only) .

it

67)(6/61-67)(7/61-67)

(o2

1

Have you ever taken any 'of these actions in response to (source) noise?

-

tRead list) \
AIRCRAFT MAIN TRUCKS TRAINS INDUSTRY
ROAD ) :

Written to newspaper ©

Contacted noise source
. Contacted police
Contacted politician
Contacted other gov't
official
Signed petition
Attended meeting
Joined protest group
Organized protest group
Other (specify) : ‘

(3/67-71) {4/ €8-77) (5768-77)(6768-77)(7/68-77) _
AC MR K N IN (79-80) -

Ny

111

IR

AN

*
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11.  [Ask only if distwrbed by cne or more major sourcel

Which of the following actions have you considered to avoid unwanted
noise? Have you taken any of them?

'[Rcad Categories]

Considered Taken
(1) (2)
Keep windows closed
Install air conditioning
install extra insulation
Keep storm windows on
Instalil special glazing
Construct barrier (e,g. fence)
"Plant Lrees

Other (specify)

ARRRERE

LTTEETT

s (1744-52
12, (I aircraft noise not mentioned (Q's 2a/2e))] ‘

[Use CARD C]

TN

You haven't mentioned not1c1ng the sound of aircraft. Because we are
quite near to a flight path here, I'd like to know how you rate the
sound of aircraft in this<meighbourhood,

Rating (EA-ED) ' : - (1/52)

13. . [ALL RESPONDENTS]
a. Do you notice any effects from aircraft other than noise?

(2} ves
) no T, (1/53)

b. What are they?

smoke/ fumes
landing lights
T.VY. interference
house vibration
other (specify)

.

{1/54-58)

N

..'f‘ .



100

14a. Do any other aspects of aircraft or airport dperations concern you?
(2) yes
1) no
v ’( } -
b. What are they?
fear of crashes |
other (specify)
Y
c. How concerned are you by this?
[Read categories])
(1] slightly concerned -
(2} moderately concerned —_
i3 considerably concerned —
4} extremely concerned
15a. Do you think sufficient is done to reduce the adverse.effects of
aircraft? _
(1) yes — (3) don't know
(2) no

o

16a.

What do you think should be done?

Overall, do you think the benefits of air transportation to society
outweigh the disadvantages experienced by people living near airports.

(1) yes - {3) don't know

I (2} no
To what extent do the disadvantages outweigh the benefits?

v

[Read categorias]

qreatly
considerably
moderately
slightly
equal

U1 5 G BN b=

11

-7‘ .

(1/59)

L

{1/60-61}

(1/62)

(1/63)

(1/64)

(1/65)

(1/66)



17.

18.

19,
20a.

101

And now a few guestions about yourself.

50 NoT ASK)

Sex (1) Male _ (2) Female
What level of education have you‘completed?

21; Some public school

2) Public school graduation

3; Some high school

4) High school graduation

5} Same university or college

6) University or college graduation
Post-graduate work

How old are you? ’ years

Do vou have children living at home?

o
.

21a.

22a.

@] yes
(1} no
What ages are they?

—

What is your main occupition,(that is what sort of work do you do}?

Hhaf sort of business or industry do you work in?

Is that in anyway related to aircraft or airport operations?
(2] yes
a)no

What is the main occupation of the principal wage earner (that is
what sort of work does he/she do)?

What sort of business or industry does he/she work in?

Is that in anyway related to aircraft or airport operations?
@) yes
) "

"

10

(1/67)

(1/68)
(1/69-70)

(1/71)

(1/72-74)

(1/75-75)

(Y77)

(1/78-79)

{1/80)

A

vy

e ALTEAR T A a7 T F MR ALkl S s o B ) T e



23.

24.

25,

26.

27,

28.

]

02

If employed outside the home, how would you rate your place of work
for noise? - .
{Read Categories] .
very quiet )
fairly quiet
average
fairly noisy
very noisy
) not applicabie

i

[ ALE T

In general how sensitive are you to noise?
[Read Categortias)
(1) not at all

{2) a little

§3 moderately

111

4} considegably .

5} extremelin- 2

Please indicate which range most closely describes the income before
taxes of this household ip the past year?

[VUse CARD F]
&1; Less than $5,000 %5; $20,000 - $25,000
2) $ 5,000 - 510,000 6) $25,000 - $30,000

{7) Mare than $30,000

{3; $10,000 - $15,000
(8} don't know

4} $15,000 - $20,000

1]
i

How many hours do you normally spend ét home each day?
(1) less than 10 (2} 10-15 (3) 15-20 (4) more than 20
Weekdays

— — S——

Weekends

||

—rr

In' the summer, how many hours do you norma11y-spend outside at home?

. o @12 ()35 (@) 610 (5) more than 10

' Heeﬁ%;za L - . . —
Heffends . _ . .
If noise levels were reduced, would your use of outdoor space ingrease?
(2) Yes __
(1) No

——

11

(2/'10)

{2721

trnz)

(2/13-12;

(2/15-15)

(2717)

RS |

R R
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29, Do you rent or own your residence? - -t
(1) Rent
{2) Own
30. How long have you lived in this house/apartment?
31a. Have you ever considered moving to a quieter neighbourhood to avoid
unwanted noise here?
(2) Yes -
. (1) No '
b. How mu:ﬁ longer do you expect to stay in this house/apartment?
: 7\/' *
(:*\
32a, On average how often do yoﬁ or other members of the household travel
by plane 1g a year?
1; never
2) less than once a year
3; once or twice a year
4) several times a year
b. On average how often do friends or relatives travel by plane to visit
© you in a year? )
1) never
2} less than once a year
3) once or twice a year
4) several times a year
33a. Would you be willing to have a noise monitor on your property for a
24 hour perfod scme time during the next month?
(2) yes
(1 no
b. Times when not convenient '
y,
. f
c¢. Phone number

12

(2/18)
(2/19-21)

(zr22)

(2/23-25)

(2/26)

(272N

(2/28)




1

o

4

The following questions concern the type of dwelling you live in. ~

Your help in filling them out is appreciated,

34. Building construction:
2. Number of stories in building
b. Building material:

Brick
Frame
Stucco
Asbestos panels
Dther (specify)

N I L P

c. Type of windows:

2) Thermal pane (not openable)

3) Two panes (e.g. aluminum
combination storms-openable)

(4) Double glazing (approx. 4"
between panes; not openable)

gl) Single pane (openable)

d. Air conditioning:

1) Central -
2) Window unit
3} None

4} Don't know

35. Type of dwelling unit:

{1) Apartment

2} Flat

3) Row/Townhouse
4} Semi-detached
5) Detached

1)

36. If an apartment or f]at, which floor?

37. Date (day/month)
38. FINISH TIME

.,‘l .

13

(2/29) -

{2/30)

(2/31i

(2/32)

~

(2/33)
(2/34)
(2/35-38)
(2/39-42)
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39a. Did afrcraft noise interfere with interview?
(2)yes '

{1)no.
b. How often did it interfere?

———

—

(1) once
(2} two or-three times

(3) several times

nEn

(4) .almost continuously
€. Where was interview éonducted?
(1) indoars

{2) outdoors

g

14

(2/43)

(2/88)

62/45)

JURSI—
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APPENDIX 3

A Map Showing the Approximate Location
of the 56 Sites at the Airport.

4
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APPENDIX 4

The Computer Oﬁtput
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FEDERAL AVIATION ADHINISTRATION INTEGRATED NOISE MODEL 1. 3
"sRuMCMASTER TRANSPORTATION RESEARCH GROUPe#eus HASHIM WAHBI 11713/174,

109

RUNWAY UTILIZATION

HUNWAYS~ 14L 32R 23R o5L 23L 0SR 7Ot
_>:mommm. D 9.4  53.0 49,1 9,2 3.3 10.4 164.4
{ACTUAL) E 2.9 24.3 30,4 4,7  18.3 6.2 86.8

N 2.2 B.9 Sl 2.1 7.5 4 28,2
TAKEOFFS D 3.4 19.1  17.7 C 3.3 12.0 3.7

(PERCERT) E 1.0 .8 11,0 1.7 6.6 2.2
. ‘ z. -w UGN —-p Im Nlﬂ -— -
LANDINGS 0 . 2B.4  23.1  19.7 - 7.7  33.0 25.4 147,13
{ACTUAL) E 13.1 10.4  19.1 13.9 28,4 1T7.0 10}.9

N 10.3 1.3 2.6 3,0 3.7 8.5 29.2
LANDINGS D 10.2 - 8.3 7.1 6.4 1.9 9.1
{PERCENT) E AT @ 3.7 6.9 S.0 10.2 6.l
N 3.7 N .9 1.1 1.3 3.1 .
~
TOTAL TAKEOFFS 277.4 LANDINGS 278.4
TOTAL OPERATIONS - DAILY 556. = YEARLY 202871.

CLFAULT RUNWAY 2 32R

TUFAL FLIGHTS 2320
Uo 0 0.000 TERMINATE DAFA INPUT
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FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE xoomr le 3 .

, WUSWHCHASTER  TRANSPORTATION  RESEARCH ° GROUPS®#® . HASHIM WAHBI 11713778,
1 INTER=- 1 OFF 1 TIME IN MINUTES ABOVE [NDICATED DBA LEVEL 1. 1 1 1 1
1 SECTION 1 SET 1 PERI10OD t 65 i 75 I &b i 95 1 1058 1 115 I LEQ I LDN 1 NEF, I CNEL 1
- = e e e e e W - Rl N, -
I =3¢ B 1 a19.7 1 24 HOUR 1 153.5 1 4443 | " 10.9 1 «1 1 0.0 | 0.0 I 704 1 73.2 ] 38.2 I 74.4 .1
1 1 - 1 EVENING 1 46,2 1 12.8 | 3.3 1 «0 1 0.0 1 0.0 1 1 1 [ {  §
1 1 1 NIGHT I  13.3 I 4.8 1 1.1 1 .01 0.0 1 9.0 I i 1 1 1
’ X=START Y=START ﬁlmqmﬂ Y=-STEP HNX Y OPTIONS, .
# -3135,00 1650.00 0. 0. 1 _J1 ooooo :
% ’ s " -
- ' \ -
- EDERAL AVIATION ADHINISTRATION INTEGRATED NOISE MODEL 1. 3 -
SRR eMCHMASTER Mqﬂ)zwvozqhﬂmoz " RESEARCH GROUPssae HASHIM WaHBI 11713/78.
1 INTER- 1 OFF 1 T T MINUTES ABOVE INDICATED DBA LEVEL 1 1 T 1
i secTiON 1 SET 1 PERIJOD 1 65 1 15 1 B85 I 95 - I’ 105 r 115 1 LEQ I LON 1 NEF I CNEL
e 2 B e o —_ o . _— —go N
T =3y D1 & . 1 24 HOUR I 110.3 1 28.4'1 ¢ w21 0.0'1 G.0 [ 0.0 1 ' 64,1 I 66,3 4ln 30.5 1 6T.6
4 1 1 EVENING 1 33.5 1 8.2 1 a1 001  "0.01 0.0 1 - 1 1 1
1 1 I WIGHT 1°  B.2 1 2.2 1 i 0.0,1 0.0 1 0.0 | 1 1 1.
- X-START  Y-START  X-STEP Y¥~-STEP NX NY OPTIONS .
=3300,00 3960,.00 0. 0. 1 1 000p0 - '
N . v . . .
r +
] ) 5
2 FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL 1. 3
- tnln!ﬂ!)%qmz dﬁtzmvomdbdncz RESEARCH GROUP®ses HASHIM WAHBI 11713718,
I INTER- I OFF I TINE IN HINUTES ABOVE INDICATED DBA LEVEL 1 1 1 cy 1
1 SECTION | SET | PERIOD 1 65 1 15 1 85 1 9 1 105 ~h_m 1 LEQ I LON 1 WEF 1 GEL I
ittt ettt ettt bttt === " —
I =37 B I «50e3 [ 26 HOUR I, 159.1 1  46.14 - 1244 1 R 0.0 1 0e0 1| Tle¥ I TAeT ‘1.139.9 1 75.7 1
1 1 1 EVENING 1 NATT  13.2 1 2.7 1 a 0.0 | 0.0 1 i 1 1 1
i 1 [ NIGHT 1 13.7 1 5.21 31.31 i 0,0 1 0.0 I 1 1 1 1
e Gr R T EE PP RS e - -
X-START  Y-STARY  X=STEP Y~STEP HNX NY OPTIONS -
. =3465,00 1320.00 0. 0, 1 ) nooﬂo -



112

-

. FEDERAL AVIATION ADMINISTRATION INTEGRAYED NOISE MODEL 1. 3

asssMCHASTER ~ TRANSPORTATION  RESEARCH  GROUPS$sse  HASHIW WAHBI 11/13/78, Y
I INIER- 1 OFF 1 TIME IN MINUTES ABOVE INDICATED DBA LEVEL . _n“\\. 1 1 1 1 P
1 SECTION'T SET I PERIOD I' 65 4 75 1 & 1 95 1 105 1 ‘115 1 LE@ I LON I NEF 1 CNEL 1
L <3y D I «60.8 1 24 HOUR I 210,61 29,01 4 .21, 0.01 0.0 I 0.0 1 64.3 1 66.6 1 30.8 I 67.9 1 :
1 1 { EVENING I 33.6 | 8.4 1 ol 0.9 I 8.0 1 0.0 1 1 1 I 1
1 1 1 NIGHT I 8.2 1 2.4 ! 01 0.0 I 0.0 1 0.0 1 t 1 i 1
X-START  Y-STARF  X~STEP Y=STEP NX NY OPTIONS
-3630.00  3795.00 0. 0. t 1 00000
- FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL 1. 3
esesHCHASTER  TRANSPURTATION  RESEARCH  GROUPss#se  HASHIM WAHBI 11/13/78.
I INTER= 1. OFF TIME IN MINUTES AHOVE INDICATED DBA LEVEL 1 1 1 1 1
I SECTION I SET I PERIOD I 6 1 75 1 8 1 95 { 105 1-115 1 LE@ "1 LON T NEF - I CNFL I
s - - e e L S S - -—— -
I -4r D1 olse6 1 2&.HOUR T 108.6 1 28,51 - .21 0.0 1 0.0 1§ 0.0 1 6Ac4 I 669 1 31.0 1 68.1 1
1 1 1 EVENING I 33.0 1 8.3 1 1 0.0 I 0,9 1 0.0 1 I 1 1 1
1 1 1 NIGHT 1 8.2 1 2.5 1 <01 p.0 I 0.0 1 0.0 1 1 i t 1
A-STAHT  Y-START = X-STEP Y=STEP NX NY OPTIONS
Y . -4125,00  3630.00 0. 0. ,1 1 00000 .
" |
FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE HODEL 1. 3 '
eassMCHASTER  TRANSPORTATION  RESEARCH . GROUPw»&ss  HASHIM WAHBI 11/13/78.
e e e e e e e - . - :
I INTER- | OFF I TIME IN HINUTES ABOVE INDICATED DBA LEVEL 1 ] 1 1 1
1 SecTION I SET I PERIOD I 65 I 75 1 &5 ‘I 95 1 105 I 115 I LE@ I LON 1 NEF [ CNFL 1
I =5+ DI .8+.3 [ 26 HOUR T 118,0°]  2B.51 - .61 0.0 1 0.0 1 0,01 64,7 1 67.2 1 3,5 1 6B.4 1 .
I I I EVENING T 38.8 I 8.2 1 el 0.0 1 0.0 1 0.0 1 ! 1 1
I I I NIGHT I 10,5 I 2.5 1 11 0.0 1 0.0 I, 0.0 I 1 1 1 1
. \\b X=START ¥-START X=STEP _Y-STEP NX WY OPTIONS
-5775.00 3300.00 T 0. 6. 1 1 00000 ‘
.,
K 9
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FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL 1. 3

sesseMCHASTER qzbzmvcnqhq_cz RESEARCH GROUPSssns HASHIM WAHBI 11713774,
[ INFEA- [ OFF [ TIME IN MINUTES ABOGVE INDICATED DBA LEVEL I 1 I 1 1
I SECTION I SET I PERIOD I 65 1 15 I 85 I 95 1 105 1 115 1 LEQ 1 LDN 1 NEF 1 CNFL I
I =3y C 1 +3rel I 264 HOUR I  137.4 1 .21 9.1 1 a1 0.0 I 0.0'] 6B.6 I Ti.3: 1 36,0 1 T2.4 1
1 1 I EVENING [ 41.7 | 10.7 1 2.7 1 $0 I 0.0 I 0.0 I 1 1 1 1
1 1 1  HNIGHT i 2.1 1 3.4 1 B 1 w0 1 0.0 1 .0 1 : 1 1 1 1
e e mm—p——————————mm————————
X-START Y-START  "X=STEP Y-STEP NX KY OPTIONS
~3300.00 2145.00 0. J0. 1 1 00000
FEDERAL AVIATION ADHINISTRATION INTEGRATED NOISE MODEL 1. 3
segeMCMASTER TRANSPORTATION RESEARCH GROUPS=es HASHIM WAHBT . 11713778,
1 INTER~ 1 ~ OFF 1 TIME IN MINUTES ABQYE INDICATED DBA LEVEL I 1 1 1 I
I SECTION I SET 1 PERIOD 1 65 1 715 I &5 I 95 i 105 1115 1 LEQ 1 LDN 1 NFF I CNFL 1
I =17+ =D 1 .8s.8 1 24 HOUR 1  100.1 I 2006 1 W01 0.0 1 0.0 1 .01 60,5 I 63.2 1 27.4 1 64.3 1
I 1 1+ EVENING [ 21.7 1 5.9 1 01 0.0°1 0.0 I 0.0 1 1 1 1 1
1 1 1 NIGHT 1 11.2 1 e 1 01 0.0 I 0.0 1 0.0 1 1 I 1 1
x=START Y-START Xx=-STEP Y-STEP NX NY OPTIONS
-17820.00 -3795.00 0. 6. 1 1 00000
FEDERAL AVIATION ADHMINISTHATION INTEGRATED NOISE MODEL 1.
¢ss aMCHASTER TRANSPORTATION RESEARCH GROUP®wes HASHIM WAHB 11/13/78.
I InTER- I OFF 1 TIME IN MINUTES ABOVE INDICAVED DBA LEVEL 1 1 1 1 1
1 SECTION 1 SET 1 PERIOD 1 65 115 1 85 1 9% I 105 1 115 1 LEQ T LON .1 MEF 1 CNEL 1
1 ~13s ~F 1 +5049 1 24 HOUR 1" 66.7 1 13.41 001 0.0 1 0.0 I 6.0 1 57.1 I 59.8 1 23.T 1 61.0 I
1 1 [ EVENING I - 18,4 I 3.7 % 0.0 1 0.0 1 0.0 1 0.0 I 1 1 i 1
1 I - 1 RIGHT 1 5.6 I 1.0 1 0.0 I 0.0 I 0.0 T 0.0 1 1 1 1 1

e o e T o e R A S -

X-STARY Y=-S5TARTY X-STEP Y=STEP NK NY OPTIONS
-13%30.00 ~5940,00 0. 0. 1 1 Qooo0o
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FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL 1. 3

*#9sHCHASTER TRANSPORTATION  RESEARCH  GROUPsess HASHIH WAHBI 11713778,
I INTER= I OFF I TIME IN MINUTES ABOVE INDICATED OBA LEVEL 1 1 1 I I
1 SECTION I SET -1 PERIOD I 65 1 15 . 1 as 1 95 1 108 1115 I "LEO 1 LODN 1 NEF I CNEL 1
I =13 =C I +2¢.5 1 ¢4 HOUR I 103,31 28,91 © .51 “o.01l 0.0 1 0.0 I 64,0 1 6T.1 I 3l.8 T 6R.2 1
- I 1 EVENING I 28.4 1 8.2 1 2 1 0.0 1 0.0 1 0.0 I 1 1 1 1
1 1 I NIGHT 1 11.7 1 2,11 o1 i 0.0 1 0.0 1 0.0 1 1 1 1 1
X-START Y-STARY ° X~STEP Y-STEP NX NY OPTIONS N
-13200.00 ~2475.00 . 6. 1 1 ooo00
8
FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE HODEL 1. 3 y
*e9dHCHASTER TRANSPURTATION  RESEARCH  GROUPswees HASHIN WAHBI 11/13/78.
1 INTER= I OFF 1 TIME IN WINUTES ABOVE INDICATED DBA LEVEL | 1 1 1 1
1 SECTION 1 SET 1 PERIOD 1 65 1 15 1 85 I 95 1 108 1" 118 1 LEQ I LDN I NEF I CNEL 1
+1 =120 =C 1 479.5 1 24 {OUR I 104.0 1 29,01 .61 0.0 1 0.0 1 0.0 I 64,0 I 67,1 1 31.8 I 68,2 1
1 1 1 EVENING 28.6 1 8.3 1+ .21 0.0 I 0.0 1 0.0 1 1\ 1 1 1
GLt I 1 HIGHT 1 1.8 1 2.7 1 L el 0.0 I 0.0 1 6.0 1 1 1 A S 1
x=START Y-STARY X~STEP Y-STEP NX NY OPTIONS ‘.
-12705.00 -2475.00 0. 0. 1 1 00000
FEDERAL AVIATION ADMINHISTRATION INTEGRATED NOISE HODEL 1. 3
*sssMCHASTER TRANSPURTATION  RESEARCH GROUP#s 8 » HASHIH WAHBI 11/13/78.
1 INTER- 1 OFF TIME IN MINUTES ABOVE INDICATED DBA LEVEL 1 1 R I 1
1 SECTION I  SET 1 PERIOD I 68 1 715 I 85 I 95 1 105 I 115 I LEa T LON I NFF T CHFL - 1
I -4s I 1 .5i4p 1 24 HOUR I 67.8 1 81 ' 0.01 0.0 I 0.0 1 0.0 I 56.6 I S8.6 I 21.8 1 &0.1 1
r e 1 1 EVENING 1 19.3 1 51 0.0 1 0.0 1 0.0 1 0.0 1 T 1 1 1
1 1 1 NIGHT 1 4.5 1 01 0,0 1 0.0 I’ 0.0 1 0.0 I 1 I 1 1

= = = o i 4 e L = T Y R 0 e e

X=START ¥=START X-STEP . Y~-STEP NX NY OPTIUNS

~4455,00 8910.00 0.

g, 1 1 00000
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FEDERAL AVIATION ADMINISTRATION INTEGRATED NOJSE MODEL 1. 3

SeRsMCHMASTER TRANSPORTATION HESEARCH GROUPesan HASHIM WwaHB] 11/13/78,
TINTER- 1 OFF 1 TIME IN MINUTES ABOVE INDICATED DBA LEVEL 1 t 1 1
I SECTION I SET 1 PERIOD I 65 I 75 [ 8 I 95 I 105 1 115 1} LE@ 1 LbN NEF 1 CNEL 1
I 1s AA D .Bsadl 1 24 HOUR T 38,3 I 5.6 1 © W31 0.0 1 6.0 1 0.0 1 58.8 I 60,1 25.4 1 62,4
o 1 1 EVENING 1 ° 14.7 1 2.9 1 Nl 0.0 1 0.0 1 0.0 1 1 1 1
I I % 1 NIGHT 1 1.5 1 2 1 o0 I 0.0 1 0.0 | 0.0 I 1 1 1
X-START  Y-START  X-STEP Y-STEP NX NY OPTIONS
1815.00  26070.00 0. 0. 1 1 oseoo0
. FEDERAL AVIATION ADHINISTRATION INTEGRATED NOISE MODEL 1. 3 - )
. sesMCHASTER  TRANSPURTATION  RESEARCH  GROUP®=ss  HASHIM WAHBI 11713776,
I INTER= I OFF I, TIME IN MINUTES ABOVE INDICAYED DBA LEVEL 1 ! 1 1 1
I SECTIUN I SET [ PERIOD 1 65 I 75 1 85 I 9 I 105 I °1)5 1 LE@ I LON 1 HNEF 1 CNFL 1
I 0y Y I 009 [ 26 HOUR | - 36.8 I 5.3 1 .01 0.0 1 0.0 1 0.0 I 57.5 I S8.7 1 23.6 1 61.0 I
i ! I EVENING . 14,11 2,11 . .01 0.0 I 0.0 1. 0401 1 1 1 1
I t I NIGHT I 1.4 I 21 0.0 1 0.0 1 0.0 1 0.0 1§ 1 1 L 1
X-START Y=START X=STEP Y=STEP NX HNY OPTIONS
0.00 24915.00 . 0. 0. 1 1 00000
o~ .
FEDERAL AVIATION ADHINISTAATION INTEGRATED NOISE MODEL 1, 3
###sHCMASTER  TRANSPORTATION  RESEARCH  GROUP®s®®  HASHIN WAHBI 11713778,
!
I INTER=- [ OFF t TIHME IN HINUTES ABOVE INDICATED DBA LEVEL 1 I 1 1 I
I SECTION [ SET [ PEHIOD @I 65 1 75 1 85 1 95 [ 105 1 118 [ LE@ 1 LON 1 NEF 1 CNFL 1
I %r T I .5:.8 I ¢4 HOUR T  50.5 I 8.0 I ° 1.61 0.0 1 0.0 1 0,0 I 61.8 I 63.1 I 29.2 [ 65.4 1
1 1 1 EVENING | 20.5 1 3.8 1 8 1 0.0 1 0.0 1 0.0 1 i 1 1 1
I 1 I NIGHT I 1.7 1 231 oI 0.0 1 0.0 T 0.0 1 1 I 1 1
X-START  Y-START ~ X~STEP Y-STEP NX NY OPTIONS
1485.00  19800.00 0. _ 0. 1 1 oo0000
¢ . ’ .
U
. ) ,
L] . X
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FEDERAL AVIATION ADHINISTRATION uzhwﬂnrqmc NOISE MODEL 1. 3

' =sssMCHASTER TRANSPURTATION RESEARCH GROUP*ees HASHIM WAHBI 11/13/78.
llllfllllllllll|lillllllllllllllllll||lllllll|lllll|l“llll!lllIlllllllll/-lll...ll!lllll ————
" InTER- 1 OFF 1 TIME IN HINUTES -ABOVE IRDICATED DBA LEVEL \ 1 ) I 1 U | I
1 SECTION 1 SET | PERIOD I 65 1 715 1 8s 1 95 I 103 I 115 1 1 LODN 1 NEF I CNEL 1
I 1 S 1 +3s.6 [ 24 HOUR 1| Sl.6 1 9.4 1 , 2.01 0.01 . 0.01 0.0 1 62.6 1 64,0 1 30.1 T 66.2 I
1 I I EVENLING | 20.9 1 Auh ] 1.0 1 0.0 1 0.0 I 0.0 1 1 - 1 1
I I I HIGHT 1 l.8 1 31 11 0.0 I 0.0 [ 0.0 1 1 1 1 i
K=START Y=5TART X=STEP Y-STEP NX NY OPTIONS
© 1320.00 1B645.00 0. 0. 1 1 00000
FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL 1. 3
sessMCMASTER TRANSPORTATION RESEARCH GROUPsssw RASHIM WAHBI . 11713778,
1 INTER- 1 OFF 1 TIME IN MINUTES ABOVE INDICATED DRA LEVEL 1 1 1 I !
] SECTION 1 SET 1 PERICD 1 65 1 15 1 85 1 95 I 105 I 115 1 LEa 1 LON 1 NEF I CNFL
1 1y S 1 ®*y.,3 1 24 HOUR 1 34,91 7.6 1 61 0.0 I 0.0 1 0.0 1 60.2 1 6l.6 1 27.1 1 63.8 I
1 1 1 EVENING 1 13.8 | 3.6 1 3t 0.0 1 0.0 1 0.0 1 1 1 1 1
I 1 1 HNIGHT 1 1.3 ¢ 21 201 0.0 I 0,0 1 0.0 1 1 1 1 1
X-START ¥Y=START Xx=STEP Y~STEP NX NY OPTIONS
1980.00 18315.00.{ 0. . 1 1 ooo00
: FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL 1. 3
s=ssMHCMASTER TRANSPORTATION RESEARCH GROUP=#ss HASHIN WaHBI -~ 11713778,
1 INTER- 1 OFF 1 TIME IN MINUTES ABOVE INDICATED DBA LEVEL 1 1 1 1 1
I SECTION 1  SEY [ PERIOD I 65 I 5 i es 1 95 1 108 1° 115 1 LEQ 1 LDM I NFF I CNFL 1
1 35 S 1 6ssl 1 24 HOUR T 31.7 1 2.51 0.0} 0.0 1 6.0 1 6.0 1 S55.6 I 57.0 I 20.5 I 59.1 1
1 1 1 EVENING I 12.5 1 1.2 1 0.0 1 0.0 1 0.0 1 0.0 1 . 1 I I 1
1 1 1 NIGHV I 1.1 1 1 0.0 1 0.0 1 0.0 1 0.0 T I I ! I

X-START ¥=START X=-STEP Y~STEP NX NY OPTIONS
3630.00 18150.00 0. 0. 1 1 00000
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FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL 1. 3

#e4wMCHASTER TRANSPORTATION RESEARCH ~ GROUPssa® HASHIM WAHBI 11713778,
emmmmem e ammecmeocmc———msemmseemesemecammem——=——————————————mm e mmhan s -- :
I INTER= I OFF I TIHE IN MINUTES ABOVE INDICATED DBA LEVEL 1 : I 1 1 1
I SECTION I SET [ PERIOD [ 65 1 75 1 85 1 95 1 105 1-115 1 LEG 1 LON 1 NEF 1 CNFL 1
I <23 =C I o41e3 1 24 HOUR T 105.7 I 24.4 1 .11 0.0 1 0.0 1 0.0 I 62.6 I 65.6 1 30.3 1 66.7 1
1 I I EVENING I 29,0 1 T.0 1 «0 1 0.0 1 0.0 1 0.0 1 I 1 1 -1
1 i I 1 NIGHT 1 12.1 1 2.5 1 «0 1 6.0 1 0.0 1 0.0 1 I 1 1 1
) X=START Y~START X-STEP Y-STEP NX NY OPTIONS e
-23430.,00 -2310.00 0. 6. 1 1 00000
FEDERAL AVIATION AUMINISTRATION INTEGRATED NOISE MODEL 1. 3
*#RsUCHASTER TRANSPORTATION RESEARCH GROUP®aas HASHIM WAHBI 11713718,
- gy v . - v A ) A Y R AR L W SR R A G G gy gy R v R e e e e e e - - b -
1 INTER- 1 OFF 1 TIME IN HINUTES AHOVE INDICATED DBA LEVEL I 1 1 1 1
1 SECTION 1 SET 1 PERIOD I &5 I 18 I 85 I 95 I 105 1115 1 LEa I LDN 1 NEF T CNEL I
1 -22» =C 1 .8e%®" ] 24 HOUR 1  103.2 ! 20.6 1 01 0.0 I 0.0 1 0.0 1 61,4 1 64,3 I 28,7 § 65.4 1
1 1 1 EVENING 1 28.3 1 6.0 1 01 0.0 1 0.0 I 0.0 1 1 1 1 i
i 1 1 NIGHT 1 11.7 1 1.8 1 Y% S PY N ¢ 0.0 1 0.0 1 1 1 1 1
X-START Y~START X-STEP Y-STEP NX "Ny OPTIONS
) i -22770.00 -2970.00 0. o. 1 1 00000 ®
\ - .
N ‘
v .
5 -
FEDERAL AVIATION ADMINISYRATION INTEGRATED NOISE HODEL 1. 3
## 8 SHCHASTER THANSPORTATION RESEARCH GROUPeese HASHIN waHBt 11/13/78.
I INTER= | OFF 1 TIHE IN MINUTES ABOVE INDICATED DBA LEVEL - |l|||||l||ﬂ - 1 Mllll 1 1
m-mmmmmmm-m---mmuu--m-ummwumm-m---mm---:w---wm----~ 85 I 95 1 1es 1115 1 LEO 1 LON 1 NEF T CNEL 1
1 =21y ~E 1 9s.8 ] 24 HOUR | 80.8 I 16,3 1 0.0 I 0.0 f 1 0.0 1 58.4 1 1.1 1 25 i
. . . . 61, 1 1 62.2 1
1 o 1 1 EVENING 1 22.5 1 4.5 1 0.0 I 0.0 I I 0.0 1 1 1 T 1
1 1 1 NIGHT | 8.1 1 1.3 1 0.0 1 0.0 I 1 0.0 1 1 1 1 !
X=START Y-START X-STEP~ Y-STEP NX NY OPTIONS
-21945.00 -4785.00 0. 6. 1 1 oooto /rffl\\\\u\ -~
2 S
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FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE WODEL 1. 23

*9SsMCHASTER TRANSPORTATION RESEARCH GROUPsens HASHIM WAMBI 11713778,
1 INTER- 1 OFF 1 TIME IN MINUTES AHOVE INDICATED DBA LEVEL I 1 1 - 1 1
1 SECTION 1 SET 1 PERIOD 1 65 I 75 .1 B85 I 95 1 105 1 "115 1 LEQ T LDN 1 NEF 1 CNFL 1
1 =18y =C 1 .3s.1. 1 24 HOUR I 111.8 1 29.2 1 21 0.0 I 0.0 I 0.0 1 63.8 I 66.7 [ 31.5 1 6r.8 1
1 1 1 EVENING 1 30.1 1 8.4 1 11 0.0 I 0.0 1 0.0 1 1 1 1 1
1 | 1 NIGHT 1 12.6 1 3.1 1 11 0.0 I 0.0 1 0.0 1 1 1 1 1
X-START Y-START X~-STEP Y-STEP NX NY OPTIONS
. ~18305.00 -2ia5.00 0. 0. 1 1 00000
' FEDERAL AVIATION ADHINISTRATION INTEGRATED zommm MODEL 1. 3 ‘
*4%SHCHASTER TRANSPORTATION RESEARCH GROUPw#sas HASHIM WAHBI 11713/7a,
I INTER= 1 OFF 1 TIME IN MINUTES ABOVE INDICATED DDA -LEVEL T 1 1 I ) S I
m-mmmmmmu-m---mmq 1 PERIUD 1 -mm---;m 15 u- nm ur 95 I 185 1115 1 LEQ 1 LDN 1 NEF I CNEL 1
I 260 =A I 46se3 I 24 HOUR I T4 1 10.5 | 243 1 0,0 1 0.0 1 0.0 1 63.2 [ 63
. . 8 1 29.7
I 1 I EVENING I 10.7 1 3.1 1 «8 1 0.0 1 0.0 1 o“o 1 1 1 “ 037 “
LSO L SO0 S LR ST LLIL S SLIE N S . _ _ _
X=START Y=-START A=-STEP Y-STEP NX HNY OPTIONS .
26565.00 -330,00 0. 0. 1 1 aooo0
) e
.
FEDERAL AVIATION ADHINISTRATION INTEGRATED NOISE MODEL 1. 3
#2swHCHASTER TRANSPORTATION HESEARCH GROYPesss HASHIM WAHB1 11/13/78.
1| INTER- I OFF I TIHE IN HINUTES ABUVE INDICATED DBA LEVEL 1 1 1 1 I |
I SECTION I  SET I PERIOD I 65 I 18 1 s 1 95 1 108 1 ‘115 I LEOQ 1 LDN 1 NEF 1 CNEL 1
I 26y B I «7142 1 24 HOUR [ 23.7 I ~8e2 1 .ww o4 0.0 I 0.0 I 0.0 I 58.9 I 60,0 I 25.7 I 61,7 1
1 1 I EVENING I 6.5 1 7 2.41 S | 0.0 I 0.0 1 0.0 I 1 1 1 1
1 1 1 RIGHT 1 Y 2 1 .01 0.0 I 0.0 1 0.0 I 1 1 1 1
. X=-START Y=START X=STEP Y-~STEP NX NY OPTIONS
 26730.00 1155,00 0. 0. 1 1 00000
\ L d
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FEDERAL AVIATION ADBMINISTRATION [NTEGRATED NOISE MODEL 1. 3

*8usHCHASTER TRANSPORTATION RESEARCH  GROUPesa® HASHIN WAHBI 11713/78.
I INTER=- 1 cmm:" 1 TIHE IN MINUTES ABOVE INDICATED mm- LEVEL 1 1 1 1 1
1 SECTION 1 SET 1 PERIOD 1  6Y 1% 1s I 8% 1 9 1 105 1°115 1 LEQ 1 LON 1 NEF 1 CNEL T
1 290 A1 +Te.2 1 24 HOUR 1 0.1 1 8.8 1  1.71 0 0.0 1 0.0 1 62,3 I 62.9 1 2B.6 1 64,8 1 -
1 1 1 EVENING 1 8.6 1 2.7 1 o6 1 W01 0.0 1 0.0 1 1 1 1 1
1 1 1 NIGHT 1 .91 21 o 0.0 I 0.0 1 0.0 1 1 t 1 1
X-START Y-START XA-STEP Y-STEP NX NY OPTIONS
29700.00 i65.00 . 0. 1 1 ooo00
FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL 1. 3
*e08MCHASTER TRANSPORTATION RESEARCH GROUPS®ess HASHIM WAHBI 11713778,
I INTER- I OFF 1 TINE IN HINUTES ABUVE INDICATED DBA LEVEL 1 I 1 1 1
I SECTION I  SET I PERIOD I 65 1 75 I 85 1 95 1 105 1 °115 I-LEQ I LDN I NEF 1 CNFL D
1 295 A1 .7+48 1 24 HOUR I 26.5 1 8.1 1 W51 0.0 1 0.0 1 0.0 1 59,9 I 60.7 I 26.2 1 62.5 1
1 1 1 EVENING I 7.5 1 2.5 1 2 1. 0.0 1 0.0 1 0.0 I 1 1 1 1
1 1 1 NIGHT ] .81 W21 01 0.0 1 0.0 I 0.0 1 1 1 1 1
X-START Y-START X-STEP Y-STEP NK NY OPT1ONS
) 29700,00 825,00 0. 0. 1 1 00000
- 1 N
FEOERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL
e ESHCHASTER TRANSPORTATION  RESEARCH GROUP#es® FASHIR wARBT 11713778,
1 INTER= I OFF | TIHE IN MINUTES ABOVE INDICATED DBA LEVEL ) 1 T 1 1 T -
JUSECTION I SET I PERIOD I 65 1 7% 1_85 | 95 1 los ) SEN BT 1 LEGQ 1 LON I NEF 1 cNEL 1
I 3a-HH 1 o1es2 1 24 HOUR I 120.0 1 21.8 I . o1 1~ 0.0 1 0.0 1 0.0 1 62
) . . . . . . 4 I 640 I 27 .
1 1 1 EVENING 1 Alub 1 8.3 1 .01 0.0 i 0.0 ] 0.0 I. 1 ! o7 “ 65.7 "
[ 1 1 NIGHT 1 1.1 1 .9 1 0.0 I 0.0 1 0.0 1 0.0 I 1 1 1 1
X-START Y=STARY X-STEP Y=STEP NX NY OPTIONS - N '
3135,00 =33165.00 0. 0. 1 1 ooo00
. 9
. ) . L <
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l\\
\w FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE HODEL 1. 3 !
cotcxnz>mqmz qxbzwtomqbqhoz nnmn»zn: nmocvtt- .::m:—:tbzm—

11/13/78.

L INTER- 1 OFF" 1 TIHE IN HINUTES ABOVE INDICATED DDA LEVEL 1 1 1 “ 1 I
1 SECTION 1 SET I PERIOD | 65 1 75 1 85 1 95 I 105 1° 115 1 LEQ I LDN I NEF 1 CNEL 1
I 12v=NMN I +9¢:9 1 24 HOUR 1 114,41 18,9 1 0.0 | 0.0 0.0 1 0,0 I 61,4 1 &%.6 H\Vwoﬂm I 65.8 1
1 I I EVENING | 38.3 1 S.8 1 0.0 1 0.0 1 - 0.0 I 0.0 1 1 N I 1
I 1 1 NIGHT | 10.7 ¢ 2.3 1 0.0 I 0.0 1 0.0 T 0.0 I 1 o 1 1

) : X~START Y=STARI X-STEP Y=~STEP NX NY OPTIONS

12870.,00 =-39930.00 0. . 0. 1 i 00000
. ~ . f -
FEDERAL AVIATION bUInZnMWﬂ)duDZ quNOZ)«WU HO]SE HODEL 1. 3
se s g MCHASTER ._.ZDZMﬂO..n—ﬂb._. ION RESEARCH GROUPeess HASHIM WAHBI ‘ 11/13/78.

~‘ﬂ24mmi —l OFF - 1 TIME IN MINUTES ABOVE INDICATED DBA LEVEL M I I 1 1
I SECTION 1 SET 1 PERIOD I 65 1 15 I 8s 1 95 I 105 I '115 1 LEQ 1 LON I NEF 1 CHNEL 1
1 14,=-00 ul +49.3 ] 24 HOUR ] 109.5 1 11.91 =~ 001 0.0 1 0.0 1 0.0 1 59.9 1 62.8 - 27.0 1 64,0 1
1 ' 1 1 EVENING 1 36.5 1 3.5 1 0.0 1 0.0 1 0.0 1 0.0 1 1 1 1 1
1 1 1 NIGHT 1 10,3 1 1.2 1 0.0 1 0.0 1| 0.0 1 0.0 1 I 1 1 1

, X=START ¥Y=-START X-STEP Y-STEP HNX NY OPTIONRS
14355.00 =-40260,00 0. [+ I8 1 1 00000
X S
S
FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL 1. 3
. | #RS#SMCHASTER qzb2mﬁ03ﬁ>M~OZ RESEARCH GROUPS s #» HASHIN WAHBI] 11713/78.

I INTER- ] OFF 1 FIME {N MINUTES ABQVE INDICATEU DBA LEVEL 1 4 1 1 I

1 SECTION 1 SET 1 PERIOD I 65 1 789 ¢ 1 3 1 95 I 105 1 '115 1 LEQ I LON 1 NEF I CHEL 1
1 129=UG I +T9.9 1 24 HOUR 1 94,8 1 16.6 1 ‘ «+0 1 0.0 1 0.0 I 0.0 I 60.9 I 63.6 I 28.4 I 85,0 1
1 1 1 EVENING 1 32.3 1 6.1 ] 0.0 1 0.0 1 0.0 1 0.0 1 1 1 1 I
1 1 I NIGHT 1 8.7 1 1.4 1 0.0 1 0.0 1 0.0 1 0.0 I I 1 L 1

g - - - -

X=-START Y-START X-STEP Y~-STEP MNX NY OPTIONS
12705.00 -46860.00 0. 0. 1 1 00000

[
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FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL 1. 13

#288MCHASTER TRANSPORTATION RESEARCH GROUP®### HASHIM WAHBI 11/13/78.
. - ’ b
I INTER- | OFF 1 TIME IN MINUTES ABOVE INDICATED DBA LEVEL I I 1 1 1
1 SECTION 1 SET I PERJOD I 65 - I 75 1 8s 1 95 1 105 I "115 1 LEQ 1 LON 1 NEF I oceeL 1
1 13+ BB 1 +41.6 1 24 HOUR | S8, 1 19.9 I 0.0 I 0.0 1 0.0 1 62.1 I 63.T I 28:1 1 65,5 1
1 1 1 EVENING 1 23.1 1 7.9 1 0.0 § 0.0 1 0.0 T 1 1 1 I
1 1 I NIGHT 1 2.5 1 91 0.0 1 0.0 1 0.0 1 1 1 1 -1
X=STAHT Y-START X-STEP Y-STEP NX NY OPTIONS i
13365.00 27555.00 0. 0. 1 1 00000
1 s ) L
N/ d
° . . ) <
- FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL 1. 3
*#ASHCHASTER TRANSPQRTATION RESEARCH GROUP##es HASHIM WAHBI 11713718,
I INTEH=- [ OFF | TIKE IN HINUTES ABOVE INDICATED DBA LEVEL | S I 1 I 1
1 SECTION | SEY I PERIOD I 65 I 15 I 85 T 1 105 1" 115 1 LEQ I LON 1 NEF 1 CNEL I
I 12y LL 1 +Tee6 1 24 HOUR I 57.9 I 18.7 1 .11 0.0 I 0.0 1 0.0 1 62.0 I 63.5 I 28.1 1 65.4 I
1 1 1 EVENING 1 22,0 1 7.6 1 01 0.0°1 0.0 I 0.0 1 | 1 7 1 1
1 1 I z_QAH, 1 2.6 1 91 0.0 I 0.0 I 0.0 I 0.0 1 1 1 1 1
' X=START Y-START K~STEP Y-STEP NX NY OPTIONS
12705.00 37620.00 0. 6. 1 1 oooo00
- -
. FEDERAL AVIATION ADHINISTRATION INTEGRATED NOISE MODEL 1. 3
suseMCMASTER TRANSPORTATION RESEARCH GROUR®ses HASHIH WAHBI 11713718,
-
\I INTER- 1 . OFF 1 TIME IN MINUTES AHOVE INDICATED DBA LEVEL 1 1 1 1 1
I, SLCTIUN I "SET I PERIOD I 65 1 15 1 85 1 95 I 1os I 115 1 LEQ, T LDN 1 HEF T CNEL I
I 12y LL I <4vel I 24 HOUR | 58.1 1 19.3 1 11 0.0 I 0.0 I 0.0 1 62,5 1 64,1 I 28.8 I 66.0 1
I 1 I EVENING . 22.9 1 7.8 1 W01 0.0 I 0.0 I 0.0 1 1 1 T 1
I 1 [ NIGHT I 2.6 1 91 0.0 1 0.0 1 0.0 I 0.0 & 1 i 1 1
'l.ll"ll"l||‘||¢lnqllll"lll"ll.'l"l-'|ll'|‘l|ll"l‘l-"ll' - - -
X=START  Y=START  X-STEP Y=STEP NX NY ORTIONS s
12315.00 37i25.00 0. 6. 1 1 00000 ;
. -



FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL 1. 3

11713778,

. * ssaaNCMASTER TRANSPORTATION RESEARCH GROUPREse HASHIM WAHBI *
- 1 IKTER- 1 OFF 1 TIME IN MINUTES ABOVE INDICATED DBA LEVEL | S ) § 1 I I
e 1 SECTION | SET i PERIOD I 65 1 75 1 85 1 95 I 105 I 115 I LEQ 1 LON 1 NEF 1 CNEL I
1 22» A1 «69.,2 1 24 HOUR | 53.4 1 16,0 1 C 2.8 1 21 0.0 [ 0.0 I 65.9 I 6646 T 32.7 1 68,5 1
i .1 1 EVENING 1 14.8 ] 4.5 1 91 A1 0.0 1 0.0 1 | S 1 I 1
1 1 I NIGHT I 2.6 1 «5 1 a1 1 « 0 1 0.0 1 0.0 1 1 1 I I
X=STARTY Y=START X-STEP Y=STEP NX NY OPTIONS ~
. 22605.00 ~i65.00 0. 0. 1 1 00000 - .
; .
FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL -r J
s s e CHASTER qm»zmvomq>qmoz RESEARCH GROUPsene HASHIH wWaHHI 11/13/78.
I _z+wm| 1 OFF I TIHKE IN HINUTES ABOVE [NB{CATED DBA rM:mﬂ . 1 1 I 1 1
I SECTION |  SET I PERIOD I 65 1 5 I 85 I 95 1 105 I '115 I LEG g1 LDN 1 NEF 1 CNFL 1
1 22y AT 897 1 24 HOUR 1 48.0 1 11.7 1 - 2.3 +0 I 0.0 1 . \w.o 1 62.9 I 63.8 I 29.9 1 65.6 1
1 1 1 EVENING 1 13,2 1 .21 .8 .01 0,01 .01 1 1 1 1
o I 1 1 NIGHF 1 2.2 1 oh I «1 31 . «0 1 0.0 1 0.0 1 ' I I I 1
o~ ...IIIIJI!Illlllllllllllllllllllln\lllllllIlllrlllllllllllllln."uid\ll - - IIIIF
il X=START Y=-S5TART X-STEP VY-STEP NX NY OPTIONS
. 22770,00 T660.00 0, - 6. 1 1 oo000
- - -
FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL 1. 3 :
R4 IMCHASTER TRANSPORTATIUN RESEARCH GROUPsesw HASHIM WAHBI 11/13/778,
1 INTER~- | OFF 1 TIHE [N WINUTES ABOVE INDICATED DBA LEVEL I 1 1 1 1
1 SECTION I SET 1 PERIOD I 65 I 15 1° 85 1 95 I los 1 115 I LEQ T LON 1 NEF 1 CNEL 1
1 23y A1 .1vs2 1 24 HOUR'I aT.2 1 15.31 ~ 2,71 21 * 0.01 0.0 1 65.6 1 66.2 ‘I 32.3 1 68.2 1
1 1 1 EVENING 1 12,9 1 4.3 1 91 “Lal 1, 0.0 1 0.0 I 1 1 1 1
i I I NIGHT 1 2.1 1 51 11 01 0.0 0.0 1 1 1 1 ]
e e e e e et e e —————— T e - ——
X=START Y=-START K-STEP ¥Y~STEP NX NY OPTIONS
. . 23100.00 -165.00 C 0. 0. I 1 oo0000
’ N4 - .
Y
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FEDERAL ><->q—oz.>cz_znmqn>qncz INTEGRATED HO1SE MODEL 1. 3

«% e WMCHASTER TRANSPORTATION RESEARCH GROUPmEns HASHIN waWBl - . 11713778,
1 INTER= [ OFF 1 TIME "IN MINUTES AHOVE INDICATED DBA LEVEL ‘ I 1 1 1 1
I SECTION I  SET I PERIOD I 65 1 15 1 85 I 9 1105 1115 1 LEQ I LON 1 NFF 1 CNFL 1
I 23y A1 -37.7 I 24 HOUR I 39.6° I 10.0 1 ° 2.3 1 .01 0.0 I 0.0 1 62,7 1- 63,6 1 29.T 1 65.5 I
I I 1 EVENING I 11.3 1 2.9 1 81 .01 0.0 1 0.0 I I 1 1 1
1 1 I NIGHT I. 1.6 I W31 .11 o0 1 0.0 1 0.0 1 I 1 1 1
i . X~5TART Y~START X=STEP Y-STEP NX NY OPTIONS . .
23260.00 660,00 0. 0. 1 1 oouoo
Y Y . . . .
FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL 1. 3 o . oo
*sssHCMASTER THANSPORTATJON RESEARCH GROUP=ses HASHIN WAHBI 11713778,
1 INTER- 1 OFF 1 : TIME [N MINUTES ABOVE [NDICATED DBA LEVEL - 1 | S | I ! 1

I SECTION 1 SET 1 PERIOD I 65 1 75 I (1] I 95 "I 105 I 115 1 LEQ I LON I NEF I CNEL 1
-

A e e o Ak o e R Y e e P A e o - -

1 23y =A I 4602 1 24 HOUR 1 43.9 1 15.3 1 2.7 1 <11 0.0 [ 0.0 I 65.3 ] 66.0 u‘ 32,0 I 67.9 1
1 1 I EVENING 1| 11.9 1 4.3 1 9 1 o1 1 ¢.0 1 0.0 I 1 1. I ! I
1 1 1 NIGHT 1 1.9 1 5 1 11 20 I 0.0} 0.0 1 1 1 , I . 1
X=START Y~START K-STEP Y-S5TEP NX NY OPTIONS
23595,00 ~165,00 0. 0. 1 1 0oo000 '
' - L]
FEDERAL AVIATION AUMINISTRATION INTEGRATED NOISE MODEL 1. 3 , -
#28EMCHASTER TRANSPORTATION RESEARCH GROUPs®ss HASHIW wARBI 11/13/18,

I INWTER=- 1 OFF I TIHE IN MINUTES ABOVE [NDICATED DBA LEVEL 1 1 1 -0 1

I SECTION 1 SET 1 PERIOD I 65 1 75 1 85 I 95 1 185 1 115 1 LEQ I LDN 1 HEF T CNEL I

1 25 B 1 +20e2 1 24 HOUR | 23.9 1 8.5 1 . % I 0.0 I 0.0 I 0.0 I 59.2 I 60.4 I 26.2 I 62.1 1

1 1 1 EVENING 1 6.6 1 2+4 1 o2 1 0.0 1 0.0 I 0.0 1 I 1 I 1

1 1 I KIGHT 1 7.1 21 «0 1 0.0 1 0.0 1 0.0 I I b3 I I

‘ X=START Y~START X=STEP Y=STEP NX NY OPTIONS
29E45.00 1155.00 0. 0. 1 I 00000
- L J
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) FEDERAL AVIATION ADMINISTRATION INTEGRATED WOISE MODEL 1. 3
$sssHCHMASTER  TRANSPORTATION  RESEARCH  GROUPsSss  "HASHIM WAHBI 11713778,
|......||u|..|||4||||1|||0.|r|....||...|...|||..|||||u||||||||||...| ———— z ———— - =
I_INTEN=- 1 ~ OFF 1 TIME IN MINUTES AHOVE INDICATED DBA LEVEL 1 i 1 1
1'sECTION 1 SET - I PERIOD I &5 1 75 I 8 I 95 I 165 I 115 1 LEQ WON 1 NEF I CNEL ¥'1
I 250 A1 4Tee3 1 20 HOUR 1 35,7 1 '11.8 1 2.5 & 01 0.0 I 0.0 1 63,5 64.2 T 30.1 1 &6.1 1
1 I -~ L EVENING 1 10.1 1 3.5 I 8 1 0 I 0.0 I 0.0 1 1 1 I
! 1 I NIGHT 1 1.2 1 31 .01 0.0 I 0.0 1 0.0 I 1 I 1
o X-START  Y=START  X-STEP Y-STEP NX NY OPTIONS : '
. 25740.00 330.00 0. 0. 1 1 00000 .
. v
FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL 1. 3
ssssMCMASTER  TRANSPORTATION  RESEARCH  GROUP®#es HASHIM WAHBI 11713778,
1 INTER= 1 OFF 1 * " TIHE IN HINUTES ABOVE INDICATED DBA LEVEL 1 1 i I 1
I SECTiON 1 SET | PERIOD 1 5. 1 15 I 8 [ 95 1 105 [ "115 1 LE@ I LON I NEF" ] CNEL I
- - - - T o A TP TR " )
1 1o AA T JTv.4 1 26 HOUR I 38,2 ] 5.7 1 31 0.0 I 0.0 1 0.0 1 59,1 I 60.4 I 25.8 1T 62,7 1
i I 1 EVENING I 14.6 1 - 2.9 I 21 0.0 1 | 0.0 0.0 1 1 1 L 1
1 I I NIGHT | 1.5 1 21 .01 0.0 I 0.0 1 0.0 I 1 1 1 1
X-START  Y-START  X-STEP Y-STEP NX NY OPTIONS .
. "1650.00 26400.00 0. 0. 1 1 00000 .
. L . .
. . o
FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL 1. 3 .
#seeMCHASTER  TRANSPORTATION  RESEARCH  GROUP®e®s  HASHIM WAHBI 11713718, .
I INVER- [ OFF [ TIME IN HINUTES ABOVE INDICATED DBA LEVEL t 1 I 1 I
I SECTION I SET I PERIOD I 65 I 75 I 8 1 9 1 106 1 °}15 1 LE@ 1 LON [ .NEF [ CNFL I
I 19 BB I o7ea) I 24 HOUR T 38,1 I 5.6 1, 431 0.0 I 0.0 1 0.0 I 59,0 .1 60,3 1 25.6 1 62.5 1
1. 1 1 EVENING T 146 I 2.9 1 .11 0.0 1 0.0 1 0.0 1 1 1 1 1
1, 1 1 NIGHT 1 1.5 1 2 1 N 0.0 1 0.0 1 0.0 I i 1 1 1
X-START  Y=START - X~STEP Y=STEP NX NY OPTIONS
. 1650.00  27060.00 0. 0. 1 1 00000 -

R
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wmcm—;r AVIATION ADMINISTRATION INTEGRATED KOISE MODEL 1. 3

#asspCHASTER u:mevo:q_:.mcz RESEARCH GROUPpssas HASHIM hxb:‘m—
I INTER- 1 OFF 1 TIKE IN MINUTES ABOVE INDICATED DBA LEVEL 1, | 1 1 |
1 SECTION | SET [ PERIOD I 65 I 15 - 1 8s I 95 1 105 I 11§ 1* LEQ I LDN 1 NEF T CNEL 1
1 1) 881 #8,.2 I 24 HOUR | 38,0 I 5.3 1 11 0.0 1 0.0 1 0.0 T 58,2 I 59.4 I 24sé6 T 61,7 1
1 S I EVENING I 14,5 1 2.7 1 01 0.0 1 0.0 I 040 1 1 . 1 I 1
i I I NIGHT 1 1.5 1 21 .01 6.0 1 0.0 I 0.0 I 1 1 1 1
- R=START Y=START A-STEP Y-STEP NX - NY OPTIONS .
1980.00 27225.00 0. - 0., 1 1 00000 ?
N > e =
\ - .
; .
. ; .
* FEDERAL AVIATION ADMINISTRATION JNTEGRATED NOISE MODEL 1. 13
ssesHCHASTER TRANSPORTATION  RESEARCH  GROUPeses  HASHIM WAHBI 11/13/78.
1 INVER- 1 OFF | TIME IN MINUTES ABOVE INDICATED DBA LEVEL . 1 1 -1 1 1
1 SECFION I SET I PERIOD [ &5 1 15 1 85 1 95 1 105 I ns 1 LEe I LDN 1 NEF I CNELaA 1
1 00 DD I o5ee7 1 26 HOUR I 36.9 1 5.2.1 » 7.0 1 0.0 1 0.0 I- 40,01 ST.9 I S9.2 "I 2442 I 61.5 1
1 1 1 EVENING 1 14,0 1 2.6 1 0 1% 0,01 | 0.01 0a0 I 1 1 I 1
1 1 I NIGHT 1 1.5 1 21 0.0. 1 0.0 I 0.0 I 0.0 1 1 1 T 1
X-START = Y=START X-STEP Y-STEP NX NY OPTIONS
: 495,00 29700.00 0, 0. 1 1 oc000
. s ‘ . - ~. K ' - )
FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL ). 3 . \
- ##saMCHASTER TRANSPORTATION  RESEARCH . _GROUPsmss  HASHIM WAHBI 11713/78.
- : .,f .t M
1 INTER="" I OFF I *  TIME IN MINUTES ABOVE INDICATED DBA LEVEL . G 1 1 1 1
I'SECTION I SET 1 PERIOD I 65 1 15 1 8s I 95 1 105 1115 1 LEQ I LON I NEF I CNFL T
0 I 24 HOUR I 3T 1 5.21 421 040 F 0.0 I 0.0 4 58,6 I 59,9 I 25.1 1 62.1 1
‘ ) I EVENING I 14.1 1 2.7 1 el r 0,01 0401 0:0 1 1 1 /- 1 1
1 1 1 NIGHT 1 1.5 1, 2 1 o0 I 0,01 0.0 0.0 1 1 1 1 1
. . K=START  Y=START  X=STEP Y-STEP NX NY OPTIONS i
ygo.00 3obio,00 0. 6. 1 1 00000 .
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FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL 1. 3

. +#eeHCHASTER  TRANSPORTATION  RESEARCH  GROUPesss  HASHIM wAWBl * .__\uuwwm.
I INTER= I OFF I TIME IN MINUTES AHOVE INDICATED DBA LEVEL I | 1 1 1
| SECTION 1 SET "I PERIOD I 65 1 75 1 8 I 95 I 105 [°115 1 LE@ . I LDN I NFF 1 CNFL I
1 0 EE 1 +7eaé ] 24 HOUR I  37.0 1 5.2 1 01 0.0 I 0.0 1 0.0 1 58.1 I 59.3 I 244 1 61.6 I
1 1 I EVENING T 14,0 1 2.6 1 01 0.0 I 0.0 I 0.0 1 I 1 N ¢ 1
1 1 1 NIGHT I 1.5 1 21 01 0.0 I 0.0 I 0.0 1 1 1 y 1 1
———m———eme—e——- - - - - ——— . . N
K=START  Y=START  X=STEP. Y=STEP NX NY: OPTIONS
: : 660,00  30360.00 0. 0. -1 1 00000 MM
. . - .
FEOERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL 1. 3 )
esesMCHASTER,  TRANSPORTATION  RESEARCH  GRQUP®S®®  HASHIN WAHBI 11/13/78.
-l.ll.l'llllllI|'|lll|)l'l-llllllluqllllllllﬂl.l o » - -
1 INTER- [ OFF 1. | ATIMESIN BENUTES ABOVE INDICATED DBA LEVEL I 1 1 1 1
I SECTION | SET I, PERIUD 1 65 75 1 85 1 9 1 105 I °115 & LE@ I ,LDN 1 NEF ] CNFL I
T 1y EE I .27.5 1 24 HOUR I 37,4 1 5.2 1 21 0.0 1 0.0 1 0.0 1 58,5 I S9.8 I 25.0 I.62.,1 [
1 7 I EVENING I 14.1 1 2.6 1 11 0.0 1 0.0 1 0.0 1 . b 1 I, 1
ok I 1 NIGHT 1 1.1 .21 01 0.0 1 0.0 1 0.0 f "L 1 1 1
) ) X-START  Y-START  X-5TEP Y=STEP NX NY OPTIONS ' . : .
1155.00  30525.00 0. . 1 1 oo0000
. . - -/
3 FEDERAL AVIATION ADMINISTRATION .INTEGRATED NOISE MODEL 1. 3
*e4OMCMASTEH  TRANSPORTATION  RESEARCH  GROUP*sss  HASHIW WAHBI 11/13/78,
I INTER- 1 OFF I TIME IN MINUTES ABOVE INDICATED DBA LEVEL ' 1 1 1 1 < 1
I SECTION I SET I PERIOD I 65 1 75 1 &8 1° 95 1 105 1°115 _§ LE@ I LBN | NEF | CNEL I
[ 199 61 .3+.9 I 24 HOUR T 361 T 231 0.0 1 0.0 1 0.0 1 0.0 I S6.1 1 S8.6 1 22.2, 1 59,9 1
1 1 1 EVENING T 10.4 1 .6 1 0.0 1 0.0 1 0.0 1 0.6 1 1 1 Tl 1
I 1 I NIGHT I 2.6 1 11 0.0 1. 0.01 0.0 1 0.0t 1 1 1 1
: . X-START - Y=START : X-STEP Y-STEP NX NY OPTIONS -
19305.00  6930.00 0. 6. 1 1 00000 :
&

.
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e .
FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL 1. 3

as s MCHASTER TRANSPORTATION  RESEARCH GROUP®##®  HASHIH WAHBI 11713778,
1 INTER- 1 OFF . 1 TLINE IN MINUTES ABOVE INDICATED DBA LEVEL 1 1 1 1 1
Y SECTION I SET 1 PERIOD I 65 . 1 15 I 85 I 95 1 105 1118 I LEQ I LON I NEF 1 CNEL
1 16s J'1 Sse? 1 24 HOUR 1 LTI R 5.6 1 1 d.o I 0.0 1 0.0 1 59,1 1 6l.2 I 24.6 1 62,5 1
1 I 1 EVENING I 9.1 1 1.8 1 0.0 1 0.0 1 0.0 I 0.0 1 1 1 1 1
1 1 1 NIGHT I 1.9 1 21 0.0 1 0.0 I 0.0 I 0.0 1 i 1 1 1
. X«STAHT  Y=START X-STEP Y-STEP NX NY OPTIONS
G a 16500,00 9735.00 0. 0. 1 1 ooo000
y . 1
. I, FEDERAL AVIATION ADMINISTRAT4ON INTEGRATED NOISE MODEL 1. 3 .
*HCHASTER TRANSPORTATION RESEARCH GROUP#* s HASHIN WAHBI ) 11713718,
« 1 OFF 1 TIME IN- z.chmm ABOVE INDICATED DBA LEVEL v q 1 1 I 1
1'secBioh 1 SET 1 PERIOD I 65 1 1 85 1 95 I 105 I 115 1.LEQ. 1 ULON 1 NFF T CNFL. I
11 H i .2v.2 1 24 HOUR I°  2L.3 1 o 1 T 0 1 0.0 I 0.0 1 57,3 I 59.3 1 22.5 I 60.7 1
1 ; I I EVENING | 7.0 1 " 1e4 1 1 A 0.0 1 0.0 I 1 1 I 1
~ ! 1 I NIGHT- 1 .91 2 1 1 o0 1 0.0 I 0.0 I 1 1 1 1
™ X=START Y=START X-STEP Y-STEP NX NY OPTIONS
17160.00 12210.00 b. 6. 1 1 60000
. FEDERAL AVIATION AUMINISTRATION INTEGRATED NOISE MODEL i« 3 ’
. *ERSMCMASTER qm>zmvozq>«—oz RESEARCH GROUP®ess Ibm:uz WAHBI 11713778,
I INTER= | OFF I TIKE IN HINUTES ABOVE INDICATED DBA LEVEL 1 1 1 1 1
I SECTION 1 SET [ -PERIOD [ 65 1 7% 1 85 1 95 1 105 1 11s 1 fea I LDN 1 NEF 1 cNFL I
e e e e e e e e e cemma—
I 15+ QI +7+.5 1 24 HOUR 1 44,6 1 5.6 1 0.0 1 0.0 1 0.0 I 0.0 F 56,0 I 89,5 [ 22.8 1 61s1 I
1 . -1 1 EVENING I 17.8 - 1.8 ¢ Q.0 1 0.0 1 0.0 1 0.0 I T 5 1 = 1
1 . I 1 NIGHT 1.8 I 21 0.0 1 0.0 1 0.0 I 0,0 I 1 1 S I
- X-START Y-START X~STEP Y=STEP NK NY OPTIONS
15675.00  16500.00 0. 0. 1 1 o000 *
.
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FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL 1. 3

swesMCHASTER TAANSPORTATION RESEARCH GROUPsens HASHIH WAHBI 11713718, )
1 IKTER=- 1 OQFF 1 TIHE IN_MINUTES AHOVE INDICATED DBA LEVEL 1 1 I 1 1
I SECTION 1 SEY 1 PERICD 1 &5 1 1 -85 1 95 I 105 1 115 1 LEQ 1 LDN 1 NEF I CNEL 1 S
1 12+ W 1 .2re6 1 24 HOUR 1 T0.4 1 23.5 1 6:9 1 0.0 1 0.0 1 0.0 1 67.5 I 69.1 I 35.0 [ T1.0 1
1 1 1 EVENING 1 29.2 1 W51 2.8 1 0.0% 0.0 1 0.0 1 1 1 1 1
1 1 1 NIGHT 1 3.0 1 1. I 31 0.0 I 0.0 I 0.0 1 1 1 4 1
X-START. Y-START X=STEP  Y=-STEP NX NY OPTIONS .
. 12210.00 22605.00 0. 0. 1 1 oo0o000
FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL 1. 3
=S e SHCHASTER TRANSPORTATION RESEARCH GROUP*euw HASHIM WAHBI 11/13/78.
Huﬂmﬂnx- H-- OFF 1 TIME IN HINUTES ABOVE INDICATED DBA LEVEL , 1 1 1 1 1
1 SECTION I  SET 1 PERIOD 1 65 1 15 1 85 I 9% I 105 1115 1 LEQ 1 LDN 1 NEF I CNFL 1
1 -__. cc u- Aved ] 24 HOUR 1 58.6 1 21.0 1 TSI 0.0 I 0.0 1 0.0 1 64.4 1 660 I 3.2 1 679 1
1 1 "1 EVENING 1 23.1 1 844 1 5 1 0.0 I 0.0 1 0.0 T 1 1 1 1
1 1 1 NIGHT 1 2.6 1 1.0 1 11 0.0 | 0.0 1 0.0 1 1 I ‘1 1
T B A-STAHT  Y=START X-STEP VY~-STEP NK NY OPTIONS .
™~ 11385.00 28360.00 0. 0. 1 1 00000
. - )
FEDERAL-AVIATION AQHINISTRATIOW INTEGRATED NOISE MODEL 1. 3° g
swmeHCMASTER TRANSPGRTATION RESEARCH GROUPw#ew HASHIH WAHBI 11733778, m)
1 INTER- 1 OFF 1 TIME [N MINUTES ABOVE INDICATED DBA LEVE 1 1 1 1 1
1 SECTION 1 SET ] PERIOD 1 .65 1 15 1 85 1 95 .wx 1.1 1 °11% 1 LEQ 1 LON 1 NEF 1 CNFL 1
I 11y X1 +90s6 1:24 HOUR ' 59,3 1 23.51 6.3 1 T 0.0 1 0.0 I ! a»mw_ 67,2 I 68,9 1 34,7 I 70.8 I
1 1 1 EVENING 1 249 1 9.5 1 2.5 1 0.0 I 0.0 1§ (3 M | 1 1 1 1
1 1 1 NIGHT 1| 2.5 1 1.1 1 31 0.0 I 0.0 I 0.0 1 1 1 .1 1
X-START Y-START K-STEP Y=STEP NX NY OPTIONS .
11880,00 23595.00. 0. 0, -

1 1 00000

- P
TR R T



FEDERAL AVIATION ADMINISTRATION INTEGRATED NO1SE HWODEL 1. 3

11/13/78.

seasMCHASTER TRANSPORTATICN RESEARCH GROUPesse HASHIH WAHBI
1 INTER- [ OFF I TIMHE IN HINUTES ABOVE INDICATED DBA LEVEL 1 I 1 1 1
I SECTION I SET T PERIOD I 65 t 15 1 85 1 95 t 105 1 115 | 1 LEG I LDN 1 NEF 1 CNEL 1
I % 21 .2+e6 1 26 HOUR I 58.6 [ 6.2 1, «0 1 0.0 I 0.0 ] 0.0 1 58,6 [ 60.0 I 23,6 1 61.8 1
1 I 1 EVENING I 22471 2.0 1 0.0 I 0.0 1 0.0 I* 0.0 1 1 1 1 1
1 I 1 NIGHT I 2.5 1 21 0.0 I 0.0 I 0.0 1 0.0 I 1 1 I 1
A-5TART Y=START XA~STEP JY-STEP NX NY OPTICONS
9240.00 25575.00 0. 6. 1 1 ooo00
R
- .
. . v .
" FEDERAL AVIATION ADMINISTRATION INTEGRATED NOISE MODEL 17 3
=s##HCHASTER TRANSPORTATION.-  RESEARCH GROUP®ees HASHIN WAHBI 11/13/78.

1 INTER= 1 OFF 1 TIME IN MINUTES AHOVE [NDICATED DBA LEVEL 1 1 1 1 1
1 SECTION 1 SET I PERIOD I 65 1 .75 I 85 1 95 I 105 1°115 1 LEQ 1 LDH- 1 NEF 1 CNEL 1
T X1 8 1 24 HOUR [ 58.7 1 . 22.2 1 3.0 1 0.0 I 0.0 1 0.0 I 65.8 [ 67.4 1 32.9 1 69.3 1
I I I EVENING 1 23.8 1 8.9 I 1.2 1 0.0 1 .0 1. 0.01 1 1 T 1
i I T NIGHT 1 2.5 1 1.0 1 .21 0.0 I 0.0 1 0.0 1 1 1 1 1
T o X=START ¥-START X-STEP Y=STEP HX NY OPTIONS .

11385.00 23760.00 o, p. 1 1 Joonooo

// .
i -~
)
. .
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